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1. Introduction  
The ubiquity of smart technologies induces increased forms of digitalization both in daily life as 
well as in societies globally and for numerous aspects of culture. With the advent of the internet and 
the intelligent and digital technologies that have followed the new(er) networking patterns come to 
affect communication, socialization, labor market, medical industries and eventually our bodies, 
literally. This year IBM dedicated it Five in Five
1
 series exclusively to living things in five sensory 
categories
2
. IBM writes “Processing sights and sounds requires eyes, ears and, most important, a 
brain – right? But what if your hardware shared your senses? In the era of cognitive computing, 
systems learn instead of passively relying on programming. As a result, emerging technologies will 
continue to push the boundaries of human limitations to enhance and augment our senses with 
machine learning, artificial intelligence (AI), advanced speech recognition and more. No need to 
call for Superman when we have real super senses at hand” (Ibid). It is smart technologies as 
sensors that can engage with and augment our senses through touch, smell, hearing, seeing and 
taste. Stephen Davis from Bionicly claims that this sensor innovation is partly driven from the 
digital health industry creating new ways to integrate technologies in digital devices to connect the 
body. He however also states that sensor technology companies are going out of their way to find 
new ways to track the data of those who use the sensors
3
. As the chips and sensors move into our 
bodies, literally, the line between being offline and online gets blurrier. But where is the human in 
the technological pervasive society? Lately, a growing tendency can be detected regarding 
technological innovations on and within the human body exceeding the medical sphere of 
experiments and observing the body to now concern general health, lifestyle, and enable 
superpowers. The constellation of body and technology can hardly be named a discipline yet and 
comprises a vast amount of scholars across different areas such as philosophy, computing, cultural 
studies, gender studies, and geography to name a few. The general objective remaining to be to 
explain and conceptualize the world we inhabit. The idea of a technobody has been collocated with 
something related to futurology; however recently, it seems that we can no longer talk about the 
literal fusion of the body and technology as something appertaining the future, though some may 
argue that we are not there yet.  
                                                          
1
 Five in Five is IBM’s annual list presenting five technologies that are predicted to advance drastically 
2
 http://www.ibm.com/smarterplanet/us/en/ibm_predictions_for_future/ideas/ 
3
 http://bionic.ly/2013/03/10-sensor-innovations-driving-the-digital-health-revolution/ http://bionic.ly/2013/03/10-
sensor-innovations-driving-the-digital-health-revolution/ 
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I have over the last months attempted to comprehend the “technobody” as new concept both in a 
literal and metaphorical sense. The project therefore sets out to examine the ways in which the 
smart technologies shape the relation to and conceptualization of the body in the network society. I 
have selected two examples of digital technology for the human body. It is technology that is 
directly inserted into the body with the purpose to track, monitor and augment this body. This 
concept examination raises many questions; I have however chosen to focus on two inventions of 
operable technology for the human body. These inventions will serve as analytical cases for the 
conceptualization of the technobody. 
 
1.1. Cardinal Question 
What does the embedment of technology into bodies mean in modern network society? – And, where 
does this amalgamation of technology and body leave the body as concept? 
To answer my cardinal question, I have decided to analyze two technological innovations for the 
human body. The two are embedded in the growing tendency of creating technology for bodies. As 
I have not had access to the two technologies, I have employed textual material about them from the 
producers of the two products. It is two very different technologies both in product, capabilities, 
fields and aim. The two technological products are Philips Respironic’s Core Temperature Capsule 
and McAlpine’s 3D Printed Bionic Ears – both will be accounted for elaborately in the 
methodology section. The thoughts that go in to this study are focused on a very current situation of 
the body and its relation with technology; actual existing technology for bodies and an indication 
for the future of this development. My aim here is not to fall into the tradition of cultural despair 
and alarmism regarding technological dystopia. It is simultaneously not a pure celebration of newer 
technologies and their impact on bodies without critical reflection. The theorists that go all the way 
back to 1985, share this focus however in different timeframes. They are nonetheless relevant as 
they arguably are reverberated in the current amalgamation of human and technology. They will 
provide the critical approach to the production of technological devices for the body at micro and 
macro levels. The study thus sets out to attempt to conceptualize the intersection of technology and 
the body, or technobody, in contemporary society, and further what this amalgamation could 
indicate.     
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2. Research Design 
To facilitate the concept analysis of the technobody and situate it in modern, network society, I have 
chosen to apply an eclectic research design as I’m dealing with a very complex subject matter 
reaching into various fields. First and foremost, I’m drawn towards Manuel Castells’ conceptual 
analysis of the network society
4
 and his terminology hereof. Castells provides a perspective on 
technology’s impact on society in more material ways. Castells’ theory creates a link to 
technology’s advent in modern society, where he mentions three overall development tendencies, 
which have created what we today know as the network society. Namely economy’s need for 
flexibility on a global scale, a political need for individual freedom and open communication, and 
lastly the development of digital media, information technologies such as and especially the internet 
and mobile media (Kolstrup et al, 2009: 372). It is his understanding and theorization of 
technology’s role in contemporary society, which will provide the tech-society theory as frame for 
the technobody to operate within. Castells does not focus directly on the human body but the link 
between the network society and the individual is seen in his theory on e.g. virtual communities as 
networks created in society and by and around the individual (Castells, 2001). Castells is thus used 
in this study by his network society, which I will argue the body through technology is situated 
within and also function to sustain and maintain.    
 
The fusion of technology and human is inspired by Donna Haraway’s theory on Cyborgs (1985)5. 
Haraway argues that we are always, already cyborgs due to human’s endless performance of and 
relation with technology. The premise of the subject’s being in interstitial spaces consists in 
human’s “natural” compatibility with technology; a bio-tech dynamic. “Simians, Cyborgs, and 
Women – the Reinvention of Nature” (1991) belongs to a very specific time and place in American 
history. It is a product of Reagan’s Star Wars, socialist feminism, and the computer’s advent in 
academics. Haraway’s theory is thus also highly political and historically situated, and I will 
employ her depiction and theory on what makes a cyborg and whether this cyborg resembles what I 
here call technobody anno 2013. Haraway’s theory dates back to the 80’s and though one can see 
direct links to the technobody development today, I’m employing her in relation to technologies 
that were not even thought of when she wrote about cyborgs. Her conceptualization of the cyborg is 
                                                          
4
 Term coined by Castells 1996 
5
 Haraway’s theorization of the cyborg originally dates back to 1985 where she published the essay “A Cyborg 
Manifesto: Science, Technology, and Socialist-Feminism in the Late Twentieth Century” in Socialist Review.  
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however still relevant as her subject is machine-organism. It is the fusion between human, animal 
and machine. It is a combination of different elements that all come into play in the construction 
and development of Haraway’s subject. These elements cannot be thought separately, which also 
explains Haraway’s subject as not merely an individual or human but rather a network of relations 
across time and space
6
. The cyborg is an imploded node of fact and fiction, embodied and 
embedded in the networks of “technoscience” (Åsberg, 2009: 32). Here, Haraway can be employed 
to think differently about differences in her conceptualization of cyborgs. 
 
I have conferred Don Ihde (2002, 2010) to get a more current view on bodies and technology. Ihde 
sets up two, somewhat banal, bodies; the first one, Ihde claims, is the perception of being a body in 
the world: “We are our body in the sense in which phenomenology understands our motile, 
perceptual, and emotive being-in-the-world” (xi). Our sense of body is thus firstly linked to 
experiences of being embodied. The second body, body two, is experienced through social and 
cultural experiences and constructions, which may differ from geographical location and cultural 
outlook. Body two is located upon us according to Ihde, emphasizing that these parts or experiences 
are not biological but culturally constructed. An example of this could be bodily parts we consider 
erotic e.g. hair, breast or neck dependent on culture. Ihde raises a third component in his theory that 
he refers to as the third dimension, which is traversing of body one and two, and this dimension is 
technology. The technological dimension does not merely concern older technologies as the 
hammer or industrialization, but deals with newer kinds of technology as virtual reality. Ihde’s 
distinction between the three bodies appears a bit unoriginal; nonetheless, the argument he wishes 
to set forth is that the third body cuts across both body one and two by embracing embodied 
experiences in relation to technology. The third body is thus technologically interactive and 
produces and is produced by same. Even though the last body embraces technology in different 
ways, though Ihde’s examples are mostly in relation to virtual reality, he argues that these 
experiences will never exceed or affect real embodiment definitively. The way I read Ihde, there 
seems to be some inconsistencies regarding the capabilities of the third body and in his distinction 
between body and technology as third dimension. From a social constructivist approach, all (the 
three) bodies (and bodily experiences) would equally be real. Experiencing embodiment e.g. 
through technology would still be bodily experiences. To the discussion on physical and non-
                                                          
6
 Time and space is in this constellation not fixed but fluid and change according to history and culture 
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physical, the material and the virtual, Haraway argues that this boundary is always about the 
discourses which depicts it; it “is always about a specific mode of worlding, and the virtual is 
perhaps one of the most heavily invested apparatuses on the planet today … I don’t care what you 
are talking about, but if you think that virtualism is immaterial, I don’t know what planet you are 
living on! (Haraway in Gane, 2006: 149). Even though Ihde can sometimes be hard to understand 
and be somewhat unclear in terms of his distinction between body and technology and the 
intersection hereof, he is touching on the very central theme of this study, namely the issue of body 
and technology and what happens when fused.  
 
2.1. Social Constructivism  
It becomes obvious that the subject matter is marked by continuous rotation and development, 
which entails the risk of writing about something which may be “dated” or never actualized by the 
time it is formulated. It thus becomes relevant to note that the presented theorists diffuse both in 
terms of timeframe and disciplines, which could both work against the analysis or provide it with a 
manifold perspective. This project adopts the social constructivist approach as theory of science; 
this entails a somewhat relative perspective on matters such as bodies, technologies, and the 
societies they are situated within.   
Through a concept analysis of the technobody, I will attempt to analyze the two empirical cases as 
examples of a current amalgamation of body and technology and discuss potential problematics 
related to the technobody in network society. According to Rasborg (Fulgsang & Olsen, 2007), 
social constructivism takes its point of departure in the “… societal phenomena’s practice- and 
interpretive dependent, linguistic, discursive character” (349 – Own translation). One central 
element in social constructivism is the continuous processes of change, which is important to my 
perception of the continuously changing body accommodating new technological developments and 
implementations and vice versa. This element is caused by the assumption that all societal 
phenomena are changeable, inconstant, and thus not universal, presumed that they have been 
created by historical and social processes. The technobody is here viewed as product affected and 
affecting the socio-cultural context it is situated within. With this, all phenomena are perceived 
changeable in relation to human actions that historically and socially take part in influencing the 
phenomena. Rasborg argues that social constructivism has many different variants of theories, 
which makes the theory behave a bit like an umbrella for other variants of theories that also are 
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marked by being “socially constructed” (2007: 351-2). The technobody here is also seen as social 
construction influenced and influencing the environments it is in. The technobody would according 
to social constructionism be constructed in the middle ground of medical practices, interests of 
industrial and corporate profits, technofantasies and mad scientists. I’m thus consciously aware that 
my subject matter is situated between, what Penley and Ross (1991) call “… the technology-as-
social control and the postindustrialist fantasy of technical sweetness and light” (xiii). With the 
production of technobodies comes both the social construction of a body that is easily controlled 
and monitored as well as liberating new technologies with social agency and communication 
possibilities for an augmented living. The technobody as concept operates within an ontology, 
which is marked by construction in the social constructionist both-and perspective.  
 
3. Theory and Methodology  
This project is a theoretical concept analysis of the relation between body and technology and a 
critical discussion of what this amalgamation may entail. My two empirical examples are 
representations of the growing development of creating tech for bodies and will thus serve as two 
examples of technologies that provide an altered relation between body and technology. From this 
relation I will analyze some of the two presented technologies’ abilities and aims and discuss what 
this might mean for the technobody. I will simultaneously attempt to situate this technobody in 
modern network society and discuss the adaptation processes this situatedness calls for. Through 
this examination, I thus take on concept analysis through textual analysis and cultural interpretation 
of new cultural productions. This section will account for and present my methodological selections 
and delimitations as well as the consequences of same. The section will furthermore serve to make 
sure I have the relevant information and data to answer my cardinal question. It is thus an 
expounding of the theoretical and empirical elements that will establish the foundation for the 
analysis and discussion of the cardinal question. The theoretical accounts will be sketched roughly 
here and I will unpack them further in the analyses and discussion. I will however accentuated some 
relevant perspectives of the theories to portray how I work with them and the selected empirical 
materials. To analyze the embedment of technology and the body in modern society, and further 
unpack and discuss what this amalgamation entails, I have decided to employ Don Ihde’s theory on 
the body and technology and Donna Haraway’s theory on Cyborgs.  
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3.1. Don Ihde 
I have selected two works by Ihde “Bodies in Technology” (2002) and “Embodied Technics” 
(2010). Both works engage with a critical approach to the embodiment of technology and focus on 
the current development of newer technologies in western societies, primarily The States. Ihde is 
mainly concerned with the body in relation to technology as two, somewhat, separate entities. Ihde 
comes from a philosophical and post-phenomenological background and has been identified as one 
of the first North Americans to work on the philosophy of technology
7
. Ihde is skeptical of 
technological embodiment and intervention with the human body. In “Bodies in Technology” he 
discusses this relationship in proportion to virtual reality and technology prostheses and argues that 
the technological embodiment is profoundly different from “real” or biological experiences of the 
world through bodily sensory systems, which technology will not, or has not yet reached to comply 
with. The dialectic between the “real” biological experiences and technological embodiment is 
somewhat tricky as there evidently appears to be some differences. Through a social constructionist 
lens both experiences are equally “real” and one could confer Castells here when he claims: 
“reality, as experienced, has always been virtual because it is always perceived through symbols 
that frame practice” (Castells, 2010 (1996) 372). In this sense technological embodiment is merely 
one virtual experience of out of many, where one could also claim that history and culture as well as 
other social parameters come to shape the virtual experience of reality. This view will be explained 
below. Ihde is as stated, a technological skeptic – at least towards newer technologies – and views 
the body and technology as two different components. Ihde is as phenomenologist interested in the 
techno-bodily relationship from a perception and experience perspective, which I acknowledge but 
will not go into as this would be very hard to examine through my selected empirical materials. This 
is of course a choice on my part, as I believe the theoretical frames around the technobody must be 
considered before going in to a wider and more detailed research on how we as technobodies 
actually experience and perceive the world from this position. I am initially more interested in how 
the technobody is constituted and what this constellation means in contemporary society. Ihde’s 
conceptualization of bodies in and with technologies will therefore be employed to analyze this 
relationship based on the empirical materials and later discuss some of the problematics that are 
raised when literally melting body and technology. It is furthermore his theory on how we as bodies 
                                                          
7
 Paul T. Durbin “Phiosophy of technology: in search of discourse synthesis” In: Technè: Research in Philosophy and 
Technology 10:2, Winter 2006, pp. 95–96: "Don Ihde's Technics and Praxis is the first full-scale philosophical analysis of 
technology by an American to appear in English" http://scholar.lib.vt.edu/ejournals/SPT/v10n2/pdf/v10n2.pdf 
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use technologies to understand ourselves and the world around us that will be analyzed in related to 
biological and prosthesis senses. To challenge Ihde, I will also employ Haraway who collocates 
human and technology in her conceptualization of the cyborg.  
 
3.2. Donna Haraway 
The American biologist, feminist and professor at the History of Consciousness Department at 
University of California, Donna Haraway, has, as central theorist within gender research, developed 
a critical feminist approach to the connection between gender, technological science, and global 
power structures. Haraway’s subject is the cyborg. Cyborg is in principle cybernetic organism both 
organic and artificial parts. Cyborg as term was originally coined by Manfred Clynes and Nathan S. 
Kline in 1960 in their article “Cyborgs and Space” about human-machine systems and the potential 
of enhancing the human body for space exploration
8
. The originator of cybernetics is however 
considered Norbert Wiener and his theories on feedback regarding biology, philosophy and 
computer science control in the organization of society
9
. Cyborg as concept and term has been used 
scattered between the more abstract and the more scientific and biological conceptualization. 
Haraway is situated somewhere in the middle here of both employing the cyborg biologically and 
figuratively; Harway’s position is between technology and information on one hand, and bodies and 
the natural sciences as biology on the other. With this dual positioning it also becomes hard to 
situate Haraway’s manifesto as either social constructivist or naturalist biology. Åsberg notices that 
she employs her background in biology but “shuns biological determinism; she deploys cultural 
theory abundantly but rejects the pure culturalist view on the body as the blank space for social 
inscriptions” (Åsberg, 2009: 33). With the manifesto among her other works, Haraway engages in 
Science and Technology Studies (STS
10
) with her position of thinking the body as both physical and 
sociocultural. This position is part of the “feminist faction” intervening practices and discourses of 
science in STS, which, Åsberg argues, was not quite acknowledged by the “Malestream” peers of 
                                                          
8
 For further reading see http://web.mit.edu/digitalapollo/Documents/Chapter1/cyborgs.pdf 
9
 Norbert Wiener (1950) “The Human Use of Human Beings – Cybernetics and Society”. 
10
 STS encompasses a gamut of approaches to science and technology as social phenomena. It is an interdisciplinary 
field of critical studies of science and technology in a historical, philosophical, economic, and practical context. 
Initially, STS dealt with the question of how social factors intruded upon science (so that science, if done correctly, 
might be free of anything ‘social’). It changed into sociology of science when the attention was shifted to the products 
of science and the very process of doing science. Truth claims, for instance, are affected by social factors. The prime 
target became the positivist notion of science as a self-developing entity that transposed into a logical series of 
technological applications that determine societal development, or technological determinism (Lykke in Åsberg, 2009).   
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STS (Åsberg, 2009: 31). This bistability has evidently inscribed her as central figure in biology, 
feminist and technology studies. Åsberg further states that “Haraway has changed and influenced 
the fields of primatology, evolutionary biology, and informatics as well as feminist theory, cultural 
studies, and science and technology studies” (33). Critiques of the manifesto are related to the 
usability of the cyborg regarding whether it is literal or metaphoric and what tools it actually sets 
forth. Anne Balsamo
11
 (2000 in Åsberg 2009) argues that the cyborg in popular culture is quite far 
from the post-gender formation Haraway wishes to provide with the cyborg as alternative and 
political mouthpiece for feminists. Quite contrary, Balsamo states, the idea of the cyborg could 
possibly take us back to “traditional bourgeois notions of humanity, the machine, and femininity” 
(Åsberg, 2009: 36).    
 
Haraway’s cyborg focuses i.a. on the deconstruction of the dichotomous divisions she considers as 
fundamental to the hierarchization of gender e.g. nature/culture, organism/machine and human/non-
human. Haraway is concerned with “the making of” the social and the cultural (Haraway, 1991). In 
this respect, she argues for human as well as non-human agents as means for thought processes as 
they can expand our theoretical comprehension of what and who we are. Just as Ihde argues that we 
through technology come to encounter a much deeper and wider question of who we are (2002: xii). 
Contrary to Ihde, Haraway understand technology as part of the human body, and juxtaposes the 
terms nature and culture in the neologism “natureculture” (1991). She calls for a break with 
culturally created dichotomies inevitably inspired by Bruno Latour
12
. Haraway breaks with the 
dichotomy nature and culture as they, according to her, cannot be examined separately. In “A 
Cyborg Manifesto” (1991), Haraway employs the cyborg to depict how fundamental dichotomies 
within feminist theory and identity should be comprehended in connection to one another rather 
than having a determining character in itself. The subject matter in this study is inspired by 
Haraway’s cyborg; I have however called it technobody as there seems to be some disparities 
between the two subjects both in terms of cultural situatedness and historical context. Haraway 
moreover employs her cyborg as political mouthpiece and position by claiming that: “Cyborg 
politics is the struggle of language and the struggle against perfect communication, against the one 
                                                          
11
 Anne Balsamo is Professor and Dean of the School of Media Studies at New York New School of Public Engagement.  
12
 Latour’s (1947) fundamental assumption that nature and culture cannot meaningfully be characterized as separate 
phenomena. He works from the assumption that the distinction between what is considered natural and what is 
human-created in high-tech society has collapsed. What we consider nature is in fact culture and vice versa (Latour, 
2006, p. 7).  
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code that translates all meanings perfectly, the central dogma of phallogocentrism” (Haraway, 1991: 
176). My approach to the technobody takes other aims of initially clarifying how this entity is 
conceptualized in contemporary society regarding solely body and technology through the two 
specific empirical articles. The cyborg is here employed to demonstrate how Haraway theorizes the 
relation between organism and machine disregarding her feminist, political position knowingly how 
important it is. Haraway’s conceptualization of the cyborg will therefore be employed as theoretical 
method to analyze the way body and technology become one in relation to the empirical materials 
and discuss what this coupling may entail when situated in the network society. Haraway and Ihde 
will both be used as reflective and critical approaches, in different ways, both in the analysis of the 
two technological examples as well as in the discussion.   
 
3.3. Manuel Castells  
Manuel Castell’s theorization of the Network Society function as context for the technobody to be 
situated within. I have focused mostly on extracts from two of his works, namely “The Rise of the 
Network Society – Volume 1” (2010 (1996)) and “The Internet Galaxy” (2001). As stated, Castells 
provides a framework of society where technology – and especially newer technologies as the 
internet – is implemented in his conceptualization of contemporary society and culture. “The 
Information Age” is one of Castells key concepts which considers structures and issues related to 
economy, society and culture (2010). Even though Castells argues that the network society is 
shaped and continuously shapes technologies he also claims that the information age has never been 
solely a technological matter: “It has always been a matter of social transformation, a process of 
social change in which technology is an element that is inseparable from social, economic, cultural 
and political trends” (Castells with Catterall, 2001: 3). Technologies are thus adapted not merely 
adopted. “The Internet Galaxy” elaborates some of the structural aspects of his concept of 
information age which has formed the foundation for the network society (Bell, 2007: 56). Castells 
emphasizes two key notions as the changes detected in working patterns as due to the advent of new 
media and multimedia and their effects on information and communication. This is due to a blurring 
of different media, genres and various formats (Bell, 2007: 80). The other key issue is the 
reorganization of space and time into what Castells calls the “space of flows” and “timeless time”. 
The latter two influence and is influenced by the network society in its various networks where the 
space of flows seeks to describe the “dominant functions … operating on the basis of exchanges 
13 
 
between electronic circuits linking up information systems in different locations” (Castells, 2010: 
131). The space of flows also concerns issues of geography making the flows both local and global 
through electronic communication and (hyper)linking. The timeless time is a complex matter in 
Castells’ theory and not that crucial for this study; however it mostly deals with the idea of a 
compression and speeding up of time.  
 
David Bell writes about Castells that though his theory has been criticized, many of the critics agree 
that his works summarizes “the most illuminating, imaginative and intellectually rigorous accounts 
of the major features and dynamics of the world today” (Bell, 2007: 52). His emphasis on the 
internet and virtual reality, which he however names real virtuality, provide useful examples of the 
network society shaped and continuously shaping technologies as new cultural paradigm for the 
technobody to operate within. His theory will thus mostly become relevant in the end and after the 
analysis of the empirical materials to discuss and examine the results of the analysis. The hypothesis 
here is that what will be analyzed is the body as connected and executed with and through smart 
technologies, where both body and technology must adapt – not adopt – to contemporary society. In 
this adaptation process, I expect, we can also talk about reciprocal actions and interrelations 
between smart technologies, bodies and societal development that both affects one another and is 
affected by one another as the feedback system Haraway also brings up. It becomes redundant to 
attempt to portray what came first and what affects what, but rather attempt to show how the 
different components continuously proves constitutive and constituted by another. To ask what 
relations are foregrounded here?       
 
3.4. Appropriate Empirical Materials?  
This section will portray the process and thoughts regarding selecting empirical data for the study 
and reflect on these selections and the relevance of same. I have chosen to examine two cultural 
technologies produced for the human body as my empirical foundation. The two technologies are 
examined through two texts; Philips’ official sales and information brochure of the sensor capsule 
and an academic article about the bionic ear. Both texts will be analyzed concurrently with selected 
media articles regarding the technologies. The two technologies function as examples of smart 
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technologies for bodies. The main focus will be on the intersection of body and technology, and 
further what these smart technologies are capable of and what this does to the concept of body.  
 
3.4.1. Philips Core Temperature Capsule 
The first innovation I chose is the Core Temperature Capsule produced by Philips Respironics and 
is examined through its official brochure “Warm up to the idea of wireless” (2009, The 
Netherlands). The product is a telemetric monitoring system which enables users to be monitored 
wirelessly as the capsule is a sensor chip to measure and monitor body temperature. I found this 
product interesting as it is a digital technology produced to track temperature from within the body. 
The brochure presents the capsule for medical practices which is a good place to look for cyborgs. 
Haraway argues that modern medicine is full of cyborgs and couplings of organism and machine 
(1991: 150). These cyborgs or at least the medical cyborgs appear more or less accepted; where a 
cyborg reality may be feared but is seen as necessity and potential savior regarding health and 
medicine. Even though my initial approach was to argue that the cyborgs have, more or less, left the 
medicine industry as accentuated by IMB (cf. introduction), the medical affinities must be noted as 
crucial part of the cyborg development and implementation. It should however be noted that I will 
not go into the format, genre or the textual representations of the products. The products are the 
examples that are examined through the available data about them; namely the two texts and other 
media articles. When held against the media articles’ writing about Philips core temperature 
capsule, this technology does actually transcend medical practices and is situated in society as will 
be examined in the analysis. The core temperature capsule thus represents the gradual transition 
from medicine to other areas of society as labor and sports. I have decided to involve some 
additional statements in correlation with the sales brochure to narrow the focus on practices outside 
the medicine. The focal point of this study is, as stated, the fusion of technology and body and what 
this may entail; Philips’ brochure thus becomes relevant as it sets forth a technological product 
which can be employed to examine this relationship. The media articles furthermore accentuate how 
the pill has been used by firefighters and sportsmen, which may provide useful indications for what 
this relationship entail. 
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3.4.2. McAlpine’s 3D Printed Ears 
The second example of technology for bodies is the 3D printed bionic ears. This product is 
examined through an academic article “3D Printed Bionics Ears”. The article is from Nano Letters, 
which is an American chemical society publication (ACS), from 2013 and is written by the team of 
engineers who created the bionic ear. Michael McAlpine
13
 is the corresponding author and also the 
head of the project. This article is selected based on the requirements of being technology 
manufactured for the human body with little to no relations to medical practices, and should include 
information about the invention in relation to body. The bionic ear is perhaps a more “extreme” 
innovation in that it tampers with how we produce technology for the body. It is innovative in its 
employment of brand new technology, namely the 3D printer
14
 for the production of body parts. 
The product’s objective is to provide augmented senses for the human body. The focus of this 
example is thus bodily senses though bionic technology. This part I found particularly interesting in 
relation to the apparent tendency of creating super powers through technology, not merely 
prostheses or monitoring devices, but augmenting senses beyond human abilities. A pitfall for this 
selection of product is however that the bionic ear has never left the lab and has thus not been 
employed in everyday life situations, yet. I do nonetheless not see this as a major problem, even 
when precisely attempting to situate this technobody in broader societal practices, as I wish to raise 
problematics in terms of what this amalgamation could mean. This article I have categorized as 
academic; nonetheless, it has sales or convincing strategies resembling Philips’ Brochure, which 
also raises issues regarding how these technologies are conceptualized as services for the modern 
body. It should further be noted that both selected articles have been produced and written by the 
company or research group that has developed the innovations, this can potentially color the 
discourse, product account and eventual results, which I am aware of. Again, the two technological 
products here serve as examples of a growing development and will therefore function to raise 
critical questions of where we might be headed. The concept analysis is not a literary analysis of the 
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two selected products but an analysis of what products as these may do to the relation of body and 
technology. To further investigate the technobody and what is embedded herein, I have conferred 
some media articles and blogs that have also written about the products. It should also be 
accentuated that the two products do not serve any what so ever comparison. They are two very 
different examples of how technologies are moving into our bodies.      
   
The supporting media articles and blog entries have been collected based on a con amore reading 
about the two empirical products. They have been selected through Google’s search engine, both 
regular and scholar, as well as citation searches by seeking secondary information. It is primarily 
newsfeeds, science- and tech magazines that have written about the products. I have not been able 
to find any academic articles or analysis of the products, which I also found indicative regarding my 
interest in the field and the lack, to my knowledge, of theory and academic work on this matter – 
especially from a non-medical approach. Emphasis in this study lies on smart technology outside 
the medical industry, which has moved inside the body. There has however been a disseminated 
attention within some academic fields on issues such as cyborg, virtual reality and embodiment
15
; 
however the focus on intelligent, smart technology’s direct ingestion into the human body appears 
to be lacking so far.   
 
4. Delineation of Technology 
Human usage of technology has not increased; however technology itself has changed, which 
evidently also alters the relationship between humans and technology and eventually the way we 
use technology in interaction with the body. Technology has since human evolution played a quite 
essential role in everything from plain survival to ensuring and maintaining a luxurious lifestyle. 
Technology is Greek (techne) which means art, skill or cunning of hand, and Logia we know as the 
making, modification, usage and knowledge of. The definition of technology is in most 
contemporary dictionaries collocated with machines, scientific knowledge and industry engineering 
(Merriam-Webster Online
16
). However, the broader definition of technology encompasses 
                                                          
15
 See e.g. Anne Balsamo, N. Katherine Hayles, Jean Baudrillard, and Karen Barad among others    
16
 http://www.merriam-webster.com/dictionary/technology  
17 
 
everything from the early Paleolithic area in Ethiopia
17
, which dates back to approximately 2.5 
million years ago (http://humanorigins.si.edu/). Since the Old Stone Age we have had inventions as 
clothing, the wheel, electricity, and the clock to mention a few. Today, it appears that we are to 
some extend reinventing some of the same things; clothing, electricity in new ways, how to increase 
time or expand it, nonetheless the pivotal point in the invention of “newer” technologies seem to be 
the adjective “smart” or “intelligent”. 
  
New technology must be smart or intelligent. To enable this, we collocate “smart” or “intelligent” 
with knowledge and being able to think autonomously. Knowledge is linked directly to access to 
information. And access in turn means communication abilities, which is where the technological 
development is at today, according to Castells (2001). Communication has become the playground 
for smart technologies of today. Communication has also become the epitome of contemporary 
Western society. One could argue that the ways in which we use technology are highly dependent 
on the development of society. In this transition, arguably, we see a change in how we employ 
technology but also how technology simultaneously come to impact and alter the ways in which we 
construct, represent and simply do the bodies we inhabit. 
 
5. Introduction to Analysis  
In the following I will analyze two different technological inventions for the human body. The two 
tech devices I have called applications for the body, but they can also be seen as cultural products. 
Cultural in one sense as they engage the western, privileged body by ameliorating, augmenting and 
monitoring it. Cultural applications construct cultural bodies. Both inventions are produced and 
developed in western societies by western engineers and scientists in western university, Princeton 
University, USA, and in a European company Philips, Holland. The two different technologies will 
be analyzed as examples for a possible conceptualization of the technobody. The empirical articles 
will provide information about the two smart technological products and their integration into the 
body. They will through the presented theorists be analyzed as specific cultural productions for the 
cultural technobody in network society. The analysis is divided into two parts, which examine each 
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case separately, leading up to the discussion. The first product I will analyze is the Philips core 
temperature capsule, which will be examined through Philips’ official brochure “Warm Up to the 
Idea of Wireless” (2009) in correlation with some of the reception this product got through online 
media blogs and news magazines. Subsequently, the Bionic Ear will be examined through the 
academic article “3D Printed Bionic Ears” (2013) as well as other media coverage and reception of 
the innovation. The analysis aim is an attempt to conceptualize the body that is shaped through the 
intersection with technologies as my two examples, it is facilitated by looking at their capabilities as 
well as what relations that become foregrounded between body and technology. Again, it must be 
stressed that the analysis is not a comparison between the two products but two different analyses of 
two different products – the only common point being the production of smart technology for 
bodies. 
 
6. Analysis of Core Temperature Capsule    
6.1 Account of VitalSense Telemetric Monitoring System 
In 2009 Philips Respironics
18
 developed a capsule that is swallowed to monitor core body 
temperature. The VitalSense Telemetric Monitoring System consists of the core temperature 
capsule which is a chip with an embedded sensor in the shape of a pill. The sensor capsule has been 
invented to measure and transmit body temperature to external computers or mobile devices. The 
health blog Bionic.Ly
19
 nominated the core temperature capsule as one of the best sensors in “10 
Sensor Innovations Driving the Digital Health Revolution” (Davies, 201320). Blogger Stephen 
Davies builds on IBM’s pronouncement of 2013 as the year of the sensor, as stated in the 
introduction to this project. The pill is swallowed and will gather and track temperature 
information
21
. Philips describes the VitalSense system as “… enables you to monitor and collect the 
temperature data you need while avoiding the complaints and problems associated with wired 
sensors” (Phillips, 2009: 3). The focus of this invention is body temperature, which is concerned 
with the state of our bodies. Normally, we associate temperature measuring as related to 
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establishing being sick as aftermath or consequence. Here however, Philips has considered how we 
can use information about our body temperature in different ways than merely indicating whether 
we are sick. They have found that we can also prevent and predict falling ill -and furthermore 
protect us in job or sporting relations. The brochure accounts for three products that focus on core 
body temperature, dermal temperature, and heart and respiration rate. I have chosen to delimit the 
Heart and Respiration Monitoring and the Dermal Temperature Patch from the analysis as these are 
both external devices placed and attached outside the body; namely a patch and chest device.  
 
The Core Temperature Capsule monitors the core body temperature. The ingestible pill passes 
through the gastrointestinal tract and is compared to a large gel capsule. It resembles a normal pill 
and should also simply be swallowed with liquids. The second part is the VitalSense Monitor, 
which is the exterior receiver of sensor information and can track up to ten sensors wirelessly where 
the “Data is displayed in graphic and/or numerical outputs directly on the monitor system” (2009: 
3). The brochure furthermore states that the system facilitates 24/7 real world subject monitoring as 
well as data storing in stable and reliable memory, where the data is presented in 15 seconds or one 
minute intervals. This means that the chip sends information in real time constantly to the monitor 
that will show the results from the various sensors. The monitor is wireless and mobile as the pill 
and can therefore be used outside and inside and on active and inactive bodies. The purpose of the 
monitoring system as a whole is employed for data exchange by facilitating a communication 
feedback system between bodies and technology. The information is downloaded through specially 
designed software which can be employed on Window-based programs as Microsoft formats being 
computers, tables, phones or other digital devices.  
 
6.2. Firefighters and Daredevils   
The relation that is established between the body and the sensor capsule is initially medical. 
Nonetheless, the method for monitoring bodies can also be used outside medical practices, which 
becomes clear further into the brochure, in various environments such as “military medicine and 
training, pre- and post-operative outpatient monitoring, healthcare telemedicine, sports medicine, 
hazardous occupations” (2009: 3). What can be observed here is that within military practices, 
sports and hazardous occupations, the body moves outside the role as patient in pure medical 
practices. The monitoring chip is not merely employed to extract vitals in relation to sickness, but 
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gains a different approach of monitoring to predict and prevent. The brochure is mainly focused on 
medical practices, as stated, but it appears that the media reception of this product is more 
concerned with how it can be employed outside medicine. The online magazine “Popular Science” 
posted January 18
th
 2013 the blog entry “Australian Firefighters Ingest Data-Transmitting Pills 
When They go to Work”22. The article asserts that occupations such as firefighters are in need of 
data-delivering systems that can monitor reactions to heat stress, where previous methods of 
measuring core body temperature through the ear are not effective enough. “News.com.au” is a 
news site in Australia that has also written about the dispersion of the pill under their “lifestyle” 
section on the online homepage: “Tiny pill joins the battle of the bushfires” (201323). Both articles 
writes that the sensor has been tested and used on Australian firefighters where the idea is that if the 
body temperature rises too much, the person will be monitored and pulled out (of e.g. a burning 
house at the job site). The pill is securing and protecting the firefighters in optimized ways as the 
capsule can indicate signs of heat stress for the firefighters, which is important for them to execute 
their jobs safely. An essential part about the sensor is that different people are stressed at different 
rates when working in hot environments (News.com.au, 2013)
24. Langridge, Victoria’s Country Fire 
Authority health and wellbeing officer, states that one cannot predict how long a person can fight a 
fire before suffering from heat stress or dehydration so the pill can function as management to 
predict possible dangers and protect the firefighters (Ibid.). Both articles furthermore concatenate 
the firefighters’ use of the chip to Felix Baumgarther. The capsule device was also used on Felix 
Baumgartner to check his vital signs when jumping his 23 mile skydive fall 2012
25
. It becomes 
notable that the news coverage of the chip is related to occupations and sports outside medical 
practices. The articles further indicates how this amalgamation of a chip in a body come to affect 
hazardous labor, where the chip serves as helper, element or component of executing the job by 
preventing, predicting or protecting the firefighter body and Felix Baumgarther. The latter article 
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emphasizes that “The pill can relay an individual’s core temperature in real time, giving a better 
understanding of the body’s vulnerability to heat stress to protect firefighters” (Ibid). The relation 
that becomes apparent here could be interpreted as that technology is primarily used to secure the 
body in different situations or to obtain an “understanding of the body” related to a comprehension 
of vitals or the function and limits of the individualized body. The individual (body) can make use 
of the chip to gain an understanding of his/her body to prevent dangerous outcomes. In this respect, 
one could also consider a future use of the chip in relation to e.g. global warming when 
temperatures rise across the world. The interesting point here is again how technology is produced 
for bodily uses and how we in this relationship comprehend body as concept. For the Australian 
firefighters and sporting daredevils as Felix Baumgarthner, the affiliation to this type of technology 
has become embedded as necessity to executing the menacing tasks and security precautions. One 
could here argue that the relation that is constructed through the brochure and the media articles is 
an, uncritical, necessity dependency on the chip. The chip is here celebrated as providing 
augmented security for the users as pure medical necessity. But what does this relation actually 
entail? What are the consequences for embedding smart technology and what does the 
amalgamation actually mean? 
 
6.3. Natureculture 
I have given a shorter account of the product and how it has been used on Australian firefighter and 
sportsmen, and I will now examine the relationship between the capsule and the body to attempt to 
unpack what this amalgamation could mean. What kind of body is constructed in the intersection of 
creating techno-cultural applications of the body? 
  
Haraway’s neologism natureculture becomes relevant when examining the relationship that is 
established between the chip and the body. “Natureculture” can be comprehended as resembling the 
relation between body and technology. According to Haraway, it is impossible to separate nature 
from culture; the natural from the cultural. Nature is to Haraway “… one of culture’s most startling 
and non-innocent products” (1991: 109). Haraway’s position is of course highly political, cultural 
and historical, where one could suspect that what she means by “startling” and “non-innocent” 
could reference specific subjects of old white, propertied men and their modernist project of 
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mapping science
26
. What she means is that our ideas of nature and culture are distorted as they 
appertain to the western cultural history, namely enlightenment practices and later the modernist 
categorization paradigm. Nature is however not merely cultural as culture is biologically born with 
the human species. Comparing natureculture to body and technology, or technologybody, the 
relation between nature and culture can be interpreted as similar to that of body and technology as 
body is understood, performed and produced though technology – and technology is produced, 
understood and used by the body. Just as Philips portrays we need technology to comprehend the 
body, monitor and protect it. Benita Shaw writes about technoculture and argues the following in 
relation to body and technology: “[In] a complex sense, we could also say that technology 
continually produces the body both because, once the idea of the circulatory system is established, 
increasingly complex and sophisticated technologies allow us to examine it in more detail and 
because other (chiefly medical) technologies are introduced into the body on the basis of the new 
understandings that these produce” (Benita Shaw, 2008: 82). The relation that becomes apparent is 
thus codependent. Haraway’s natureculture concept can thus be comprehended as taking shape 
literally by inserting a digital sensor into the human body. However, the empirical articles still 
denote the separation of technology from the body, Haraway’s natureculture is thus actualized but 
still conceptualized discursively as separate.  
 
Philips portrays this relationship by facilitating technological apps that are built to not be difficult: 
“Now your subjects can engage in normal activities while still being monitored” (Philips, 2009: 2). 
This sentence is written under the headline “The Freedom of Wireless”. Here Philips set forth the 
cyborg, or the technological intersected body, where the focus lies on enforcing a day with normal 
activities while still being monitored. This linking could denote an idea of a technological 
implementation, which must be easy and not disturb normal activities. The technology is thus, as 
Castells states, adapted to the body and its contexts. The headline gives it away by insinuating that 
the use of wireless chips provides “freedom” (Philips, 2009). This could be interpreted as a greater 
understanding and protection of the body through technology that allows the body to carry on as 
usual; however in a better state or ameliorated. It becomes evident here that the paradox of 
Haraway’s natureculture is not merely the mixing of the two but rather that this fusion can only be 
actualized when first establishing the two components as separate, e.g. as Philips presents in the 
brochure. Even though medical cyborgs can be detected as having the longest cyborg history (cf. 
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Haraway 1991: 150), the discourses that construct this relation are still binary dichotomies sorting 
out namely nature from culture; e.g. Philips’ terminology of patients and subjects as opposite 
wireless sensor capsules. One could one the other hand argue that this “strategy” is the result of the 
modernist categorization paradigm, as stated, and the language that is available to us to e.g. in 
medical practices; we may still employ the dichotomist discourses of linguistic terms which allow 
us to categorize body from technology. Thus, the idea of transcending the distinction between 
nature and culture presupposes that this distinction has been established.  
 
6.4. Philips’ Technobody      
The novelty of the chip lies in its construction as sensor and thus also digital device capable of 
communication and feedback abilities. It is thus different from a traditional thermometer in that it 
can monitor and measure temperature 24/7 and provide constant, in real time, feedback through 
digital exchanges. It is convenient as the brochure also shows in that it is more effective and easy to 
work with. The new smart chips could symbolize a shift in technological development. Digital chips 
that are wireless and implanted in the body allow new freedoms for this body – almost as services. 
The sensor can send information on temperature constantly and in real time. It allows us to be in 
various situations while being monitored easily, where the data can alert us if precautions need to be 
taken. The sensor thus integrates a communication system and thus also an information network 
inside the body. The point here is that intelligent technology is becoming a technological 
application inside the modern body by being physically present inside the body and thus changing 
our conceptualization of it e.g. in terms of how we employ it. The brochure states that the sensor 
provides information which is communicated to the receiving monitor, which is worn or connected 
to the body (2009: 5). The data from the chip is downloaded through application software provided 
by VitalSense. This factor makes the product very user-friendly and allows ordinary people to 
operate it. This feature indicates a “do-it-yourself” approach to the technology, and furthermore 
employs familiar software as Microsoft Excel as file format (ibid.). This would allow users to 
employ and control the technology via personal mobile devices as smart phones, tablets and 
computers. The relation that is established between the body and product is thus a communication 
transaction where the chip is embedded in the body almost like an app that is downloaded on a 
smart phone.  
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The communication between the sensor and the monitor allows connections from within the body to 
external technology in an information exchange flow. This connection and exchange can be 
compared to e.g. an application for smart devices where specific information is searched for and 
delivered for various uses e.g. apps used for navigation. This process can be interpreted as 
application for the human body as the body is here presented as receptive of smart products, or 
bodily apps. The body has through technological sensors been actualized as information source 
valuable to special conditions e.g. health or sickness or to navigate in terms of prediction and 
prevention related to menacing task or occupations. What is created with this innovation or app is 
thus an interference between digital technology and the human body to facilitate information 
exchanges. The app analogy here is notably differing from an app for a smart phone regarding 
issues of hard- and software. The smart phone app is solely software, which is installing on 
hardware, where the Philips’ chip here is not merely software – although it is also that, is both hard- 
and software. My analogy of the app or application is thus both literal as actual application in the 
physical and hardware sense of applying an element in to the body, but also application or app in 
the software sense of gathering, providing and exchanging data and processing. One could claim 
that such devices or apps for bodies are physically accentuating Haraway’s cyborg. This body is 
inscribed in a technology-oriented cultural tradition where the body functions as interface and the 
technology as applications for this interface. In this sense, productions as the sensor capsule 
promote technological access and decentralization of the human body. Haraway’s cyborg of 
meltings of natureculture and machine and organism resembles the relation of body and sensor chip 
– or technologybody, or simply technobody. However with this intersection, Haraway called for a 
post-gendered world (1991: 181), where it appears that the literate mixture accentuates the body as 
“hardware” being embedded in digital communication systems of feedback and exchange. This 
could be interpreted as this amalgamation of chip and body takes a turn away from the cyborg as 
critical feminist tool, and rather enters the position of technobody adaptable to the network society. 
The technobody in this scenario appears conceptualized as information source and receptive node in 
the network structure of digital wireless exchanges of bodily information.      
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7. Analysis of 3D Printed Bionic Ears 
The second empirical material consists of an academic article concerning the intention and 
production of the bionic ear as well as selected media articles about the ear. The article “3D Printed 
Bionic Ears” is from Nano Letters, which is an American chemical society publication (ACS), from 
2013. The collective authorship consists of mechanical and aerospace, chemical and bimolecular 
and electrical engineers from American universities Princeton and John Hopkins. Michael 
McAlpine is the corresponding author and also the head of the project. I have selected three articles 
from MIT –Technology Review, Ars Technica, and Engadget, which have all written about the ear. 
The articles are from online magazines engaging with science objects and innovations. These 
articles serve as secondary materials and will be described along the analysis.      
 
7.1 Account of the 3D Printed Ears 
The article “3D Printed Bionic Ears” explains and demonstrates how 3D printing has been 
employed to “seamlessly” bring together electronics and biological tissues in a three-dimensional 
format. The engineers have called their invention bionic. Bionics is the application of biological and 
natural methods and technological engineering (Encyclopedia Britannica
27
). Jack E. Steele coined 
the term bionic in 1958, etymologically from the technical term bion, Greek, meaning “unit of life” 
combined with –ic as suffix “like”28. Some dictionaries coin it as related to cybernetic; biology and 
electronics equaling bio-nics. One could comprehend cyborg and bionics as similar; however online 
Encyclopedia Britannica determines that the difference is that bionics employs models of living 
systems as foundation for the development of artificial technologies, where cybernetics is focused 
on “… living beings’ behavior” (Encyclopedia Britannica29). The bionic focus here lies on the 
human ear as biological living organism, where electronic technologies are applied to function as an 
ear however with additional artificial materials to allow a cyborg organ. The method conduct is 
quite new in itself as employing 3D printing of body part, but also in the interweaving of growing 
body parts through technology. This may allow humans to hear outside the normal range of hearing 
(McAlpine, 2013: video
30
). The bionic ear could be categorized as technological prosthesis; 
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however its method execution of interweaving biological cells and artificial technology through 
printing makes it somewhat different from the pure technological robotic prostheses seen before. 
The merging of nanoelectronics, biological cells and organs could provide unique capabilities for 
human sensing and experience through the human-machine interface (Mannoor et al. 2013: 1). 
 
7.2. Bodily Senses Though Technology 
By engaging with bodily apps such as the ear, the engineers also engage with human senses namely 
hearing. Human senses are the core of electronic circuitry (Mannoor et al, 2013: 2) and have 
furthermore been announced by IBM as new focal point of emerging technologies (IBM 2013
31
). It 
is technologies which engage with the boundaries of human limitations regarding the augmentation 
of senses through machines or smart technology as AI (artificial intelligence), speech recognition 
and sensors that can detect odors (Ibid.). The idea of unique sensing possibilities is also what the 
bionic ear attempts to take on: “The printed bioelectronic hybrid ear construct is then cultivated in 
vitro
32
 to enable cartilage tissue growth to form a cyborg ear with the capability of sensing 
electromagnetic signals in the radio frequency (RF) range by means of an inductive coil acting as an 
receiving antenna” (Mannoor et al. 2013: 2). The engineers have not merely printed a 3D cyborg ear 
but also facilitated a communication exchange through radio signals and thus augmented the bodily 
sense of hearing. The enhancements that are seen here are thus not mere 3D printed body parts but 
have also been built with the purpose of exceeding human abilities. “… in vitro culturing of the 
printed hybrid architecture enables the growth of “cyborg organs” exhibiting enhanced 
functionalities over human biology” (Ibid.). These enhancements are beyond human and can be 
interpreted as putting the body into electronic e.g. situating the body, or hearing sense, in a tiny 
radio and communication device shaped like an ear. The device is customized to fit the human body 
and look like it, but this app is not produced out of e.g. health needs for the deaf. 
 
Don Ihde has theorized the relationship between bodily experience of the world through senses and 
the technological dimension to this. Ihde states that we experience our own bodies through our 
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senses (2002). But what happens when we then extend these senses through technology? And how 
do we then conceive bodies? Ihde defines instrumental realism as “… how instruments are 
employed and how these mutually affect outcomes” (2002: xix). It is thus the use of technological 
instruments that can detect phenomena, which lies beyond e.g. bodily perceptual horizons, that 
being as example seeing and hearing senses (Ihde, 2010: 60). Here it becomes evident to ask in 
what ways the sensor chip and bionic ear as instruments affect the conceptualization of body. Ihde’s 
body one and two are distinguished by a here-body as profoundly different from the over-there 
body where the latter is the virtual or image body. The experiences and conceptualization of the two 
bodies, are however not that monochrome, which Ihde also recognizes by arguing that the 
bistability of the two bodies, respectively, become complex in different social and cultural activities 
(Ihde, 2002: 6). He explains this by two examples of a hammer and a blind man’s cane. When 
seeing the hammer as technological extension of the body, Ihde argues that the hardness of the nail 
is felt through the hammer; one can in turn not feel the coldness of the nail. The cane can 
experience the cement’s texture through the sidewalk and lead the way for the blind man, but he 
cannot experience its greyness. Ihde thus concludes: “Each of the missing elements can be filled in 
only by the full body sensory awareness that is part of the ordinary experience of the artifact-user’s 
world” (2002: 7). Technology can therefore stand in for lacking senses as extension of the body 
outside the body through the hammer, the cane or e.g. glasses. What Ihde does not take into account 
is however the growing development of technological extensions inside the body as the temperature 
capsule, the bionic ear, as already discussed, but also innovations as a bionic eye to make the blind 
see or Google Glasses, which augments the sense of seeing in terms of what and how.  
 
One could also compare the bionic ear to Ihde’s example of the hammer as super power. At first 
sight the two appear similar by providing the body super powers through technology. However the 
difference exists in the digital, networked aspect, where one could – apart from actually removing 
the ear – not be “offline” or outside the digital networks that are constructed through the attachment 
of the ear. Katherine Hayles
33
 argues “Expanded to include not only the Internet but also networked 
and programmable systems that feed into it, including wired and wireless data flows across the 
electromagnetic spectrum, the cognisphere gives a name and shape to the globally interconnected 
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cognitive systems in which humans are increasingly embedded” (Hayles, 2006: 160). What makes 
the differences between the hammer and bionic ear is thus the implication of their uses. This 
implication concerns what is at stake when being embedded in interconnected systems of data flow. 
One could here argue that it is not so much the way we embody technologies but more so what this 
embodiment entail when the technologies become smarter, pervasive and autonomous. “One day 
these devices could help a person hear through the same mechanism used to connect cochlear 
implants, or perhaps provide a sixth sense of electromagnetic reception” (MIT Technology Review, 
2013
34
). As Ihde discovers, the technological embodiment changes our sense of body and relation 
and understanding of the surrounding world. Interpreting the bionic ear as providing a “sixth sense” 
would enable something beyond Ihde’s “full body sensory awareness” thus creating extended 
digital senses.  
 
7.3. Super Powered Bodies  
The ear is through the article established as providing “alternative capabilities” and “enhanced 
functionalities” (Mannoor et al. 2013: 2 and 4) by augmenting bodily senses. Ihde theorizes this as 
translation mediation (2010: 56-64), which is depicted as the process where objects and phenomena 
beyond the human horizons e.g. scales of light and sound are decoded and made receptive to the 
human body. The article states: “Next, we performed wireless radio frequency reception 
experiments. To demonstrate the ability of the bionic ear to receive signals beyond normal audible 
signal frequencies (in humans, 20 Hz to 20 kHz) …The [bionic] ear was then exposed to sine waves 
of frequencies ranging from 1 MHz to 5 GHz” (Mannoor et al. 2013: 4). The bionic ear as medium 
or translator makes radio frequencies otherwise not receptive to humans possible through digital 
technology. Ihde exemplifies this process with color, where he writes: “Then, if the phenomena are 
emissions of the spectrum, for example outside our color horizons, translation mediation supplies 
colors we humans can see. Scientists call this “false color” but I call it “relative color”” (2010: 61). 
The translation mediation with the bionic ear is thus the embedded antenna and technology in the 
bionic ear, which will supply frequencies that can be connected and eventually provide sound. The 
“relative hearing” is thus the result of the interaction between the application and body. 
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The idea of super senses provided by technological apps for the body is also a recurrent theme 
within the media reception of the bionic ear. The three selected articles appear to celebrate the new 
application as “First step on a long path toward natural-feeling bionics, it already has us wondering 
if we’ll be actively seeking out replacement body parts in the future… not that we’re about to go all 
Van Gogh to get them” (Fingas, 201335). The ear is here recognized as “natural-feeling bionics” as 
replacement parts. It is however situated in a future context where the ear serves as smaller step of a 
potentially growing tendency of “actually seeking” or wanting bionic body parts. However, the 
author, Jon Fingas, is not ready to trade in his own ear just yet. The MIT Technology Review 
argues that the 3D printed ear combines innovational thought and method, which “… could help 
researchers make body tissues with integrated devices that can monitor health, or even build cyborg 
organs that augment conventional senses” (Young, 201336). The relation between body and 
technology with the bionic ear is a comparison of the latter ameliorating the former. Here, 
technology is not a necessity but something which could augment lifestyles. What is enabled or 
augmented with the bionic ear are capabilities of hearing through electronics, where blogger Chris 
Lee (Ars Technica, 2013) pronounces this the “ultimate in human-machine chimera”37. He further 
states that with modifications, the application would be able to transmit, or translate in Ihde’s sense, 
radio, TV, wi-fi, microwaves, airport radar systems etc. resembling e.g. a satellite finder (ibid). 
Here one is very tempted to ask why? Why we would want an ear that can detect all this noise. I 
won’t ask why.  
 
Haraway argues that dichotomies between “mind and body, animal and human, organism and 
machine, public and private, nature and culture … are all in question ideologically” (1991: 163) 
with the cyborg. One could here interpret the product of a bionic ear that functions beyond human 
abilities as call for positioning the body into communication technologies, as the analysis also 
suggested with Philips’ sensor. Haraway further states that communication systems merged with 
biotechnologies are powerful tools for recrafting the body. Ihde talks about translation mediation 
(2010: 56-64) where Haraway is concerned with technology as instruments for enhanced meanings 
(1991: 164). What can be extracted here is a will to enforce communication possibilities into the 
body of either necessity or out of free will. It is a need or wish for a decoding of phenomena 
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supplied to the otherwise unaided human body. With these inventions comes also the blurring of 
mind, body and app. Haraway notes: “Communication sciences and biology are constructions of 
natural-technical objects of knowledge in which the difference between machine and organism is 
thoroughly blurred; mind, body, and tool are on very intimate terms” (165). These are thus the 
technological apps for bodies, which market themselves as free, wireless and mobile and 
furthermore, beyond human abilities. Arguably, this type of app for the body stems from a smart 
technological approach to and perspective of the body as interface for embedding communication 
systems. The body is thus viewed as “biotic component” (169). It appears that the driving forces 
behind creating apps for bodies are related to an adaptation process of inscribing the body as 
communication source and access to digital networks. This aim seems supported by ideas of 
technology as possible solutions to augment lifestyles and experiences when networked. However 
with the networking aspect comes also the complexity of the blurriness of private and public spaces 
when networked. Can we actually have a private body in the network society?    
 
7.4. Technobodies in Network Society  
According to Castells, communication is the essence of human activity, where all domains of social 
life have been altered by pervasive uses of technological networks as e.g. the internet. With 
innovations as the capsule chip and the bionic ear the body literally and physically also becomes 
part of a digital network inscribed in the networking society of the information age. Catherine 
Waldby’s38 “The Visible Human Project –data into flesh, flesh into data” argues that living matter 
management has always a cultural priority. The human body has as well always been a part of this 
attempted management, where the development of “… biotechnologies indicates the emergence of 
new use for the human body, new forms of knowledge, productivity and exchange, which must 
always have consequences for the meaning of subjectivity, conditioned as it is by forms of 
embodiment” (2000: 24). The idea here is that the focus and attempted management of bodies, as 
new development through technologies which amalgamates bio and tech, have produced certain 
technobody economies based on “the late twentieth century’s conceptualization of the body as an 
effect of codes, flesh specified through/as information” (Ibid.). The body that takes form in the 
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amalgamation of the digital apps is thus a networked technobody which serves the purpose of 
exchanging information. This information is called for, according to Waldby, to produce new forms 
of knowledge, productivity and exchanges. The constellation of app, body and the information that 
is provided can thus be conceptualized as networking process to gain greater insights, new 
knowledge or better life conditions.  
 
Haraway argues that couplings of body and technology are a matter of coding through feedback 
systems just as Ihde talks about translation mediation. These aspects become apparent for both 
Philips’ sensor and the 3D printed ears, where both can be interpreted as coding devices – both to 
decode the body from within and to decode phenomena the unaided body would not be able to 
receive. This type of coding or cybernetic systems theory has been applied to a number of 
technologies from the phone, to computer and weapons. However;  
“In each case, solution to the key question rests on a theory of language and control; the key 
operation is determining the rates, directions, and probabilities of flow of a quantity called 
information. The world is subdivided by boundaries differentially permeable to information. 
Information is just that kind of quantifiable element (unit, basis of unity) which allows 
universal translation, and so unhindered instrumental power (called effective 
communication)” (Haraway, 1991: 164).  
By situating the body in modern information flows the body also enters a specifically structured 
frame or context with limitations as well as opportunities. One should be critical about the framings 
of the different networks. Balsamo argues for a line of questioning, however regarding virtual 
reality; nonetheless the skepticism applies: “… the second line of questioning asserts that there is no 
singular reality to virtual reality, and that the "realities" constructed therein embody the desires of 
those who program them.” (1996: 125). Just as with virtual reality the experiences, possibilities and 
limitations depends on the boundaries set forth by the producers of the networks or simply the 
network algorithmic structure. Haraway also focuses on the issues of control and boundaries as well 
as she questions “effective” communication. The idea here is to be critical about the bodily 
implementation into the flows of communication and information; of reducing the body to pure 
technological information source or as she also calls it “biotic component” (169). The network 
society can be comprehended as a new system of information, communication and interaction that 
when taking bodily form, literally, may jeopardize the human agency to codes. By embedding the 
physicality and fleshy components of the body this becomes part of the spaces of flows. Balsamo 
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states – again on virtual reality, again relevant here also – that “With full-body tracking capability, 
it will also be possible for each user to be represented in this space”. Just as with the virtual reality 
embodiment, the embodiment of e.g. the temperature sensor facilitates a tracking of the implied 
body. With sensor tracing devices inbuilt in the body and in information networks, the body 
furthermore gets a physical and non-physical representation in the spaces and places it is in.   
  
This transformation offers many opportunities in terms of body health awareness, safety and life 
extension as well as an augmentation of the body to become super body with ameliorated senses. 
Contrary, the conceptualization of the technobody also raises many challenges; when digitalizing 
bodies they also become vulnerable, they can be hacked, tampered with and potentially controlled. 
The human body is at once background, purpose, agent and object for technological embodiment, 
which renders its conceptualization very complex. Digital health industries and biotechnologies are 
here presented by Philips and Mannoor et al. as creating new power sources and can be seen as 
granting new perception forms in terms of consciousness, body and embodiment in plural. Likewise 
the analysis above of smart apps can be comprehended to extend the concept of body to actively 
and autonomously take part in the network society. One can even go as far as claiming that the new 
smart technologies have become vastly elaborated in the sense that they enable different 
possibilities and, to a higher degree, prediction, prevention, information access and freedom in that 
it is the users’ choice to participate in the various networks and how. Conversely, these networks do 
also have limitations and objectives of their own being e.g. economic, political or business related. 
It is furthermore questionable how the individual can partake in the various networks or whether 
this is determined by the capabilities and limitations of the specific device. With the bionic ear for 
instance, one could argue that its limitations are solely related to hearing or sound waves. 
Nonetheless, these concepts provide a different way – or multiple ways – of thinking differently 
about issues as body, technology and embodiment, which makes it appropriate to quote Haraway 
when she says: “Cyborgs can challenge the places from whence it came” (Haraway in Bell, 2007: 
100). Sticking purely to the conceptualization of a, in my view, new body formation, the 
technobody can challenge what and how we conceptualize “body” in relation to societal and 
cultural practices. Smart technology can be comprehended as blurring or queering, to borrow from 
Haraway again, the limits and boundaries of body and bodily capabilities.  
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7.5. The Medium 
The access to the network is conditioned by a medium, Castells argues, as e.g. the pill chip inside 
the body and the involved participants, and here a link is created to what occurs and is experienced 
in the space of flows. Castells’ space of flows is the idea of dominant functions that are “… 
increasingly operating on the basis of exchanges between electronic circuits linking up information 
systems in different locations” (2001: 131). It is the process and theorization of material 
organization related to time-sharing social practices that become actualized through different flows. 
The electronic sensor is thus one node inside the human which is another; the two are connected via 
digital network communication. The network in this constellation is thus an invisible web or series 
of points or nodes that can be e.g. cities, businesses and people, these are connected by different 
kinds of flows depending on purpose and linking (ibid). Smart technological apps for bodies seem 
to enhance the chances for networked individualism to become the dominant form of sociability and 
interaction in the network society (129-33). Here sociability is not only the type of sociability 
regarding interactions between humans; instead, sociability here could symbolize the technobody’s 
social abilities in relation to communication and exchange flows of information. The network 
society can be comprehended as a new system of information, communication and interaction, 
which to a large extent speaks the same universal, digital language. Moreover, it can be regarded as 
a global integration of production, distribution, and consumption of different cultures, information, 
bodies and connectivity. This interactive network society based on communication is increasing and 
provides new ways of communication while simultaneously changing and shaping life around us.  
 
8. Technobody Reviewed – Discussion  
A tendency has been detected of enabling communication exchanges between body and technology, 
conceptualizing the intersection of technological applications and the human body as technobody, 
through which flows of information are possible and necessary to take part and operate in the 
network society. The analysis has investigated the amalgamation of tech and body from Haraway’s 
notion of natureculture, it has examined the technological apps in relation to Ihde’s concept of 
translation mediation and bodily perception through senses, and lastly attempted to locate the 
technobody as formation concurrently with the network society. I will now discuss the network 
society as new cultural paradigm through which the advent of the technobody could be interpreted 
as culturally specific product and what this entails.     
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8.1. The Network Society as New Cultural Paradigm 
Castells argues that technologies change culture by changing communication. He writes “Because 
culture is mediated and enacted though communication, cultures themselves – that is, our 
historically produced systems of beliefs and codes – become fundamentally transformed, and will 
be more so over time, by the new technological system” (Castells, 2010: 357). One could here 
wonder if Castells had inventions as the two in mind when he wrote this. The book is from 1996 but 
his analysis seems to confirm the tendencies described in the analysis above. He sets up a number of 
points from which we can contest that a new cultural paradigm is taking form through new 
technologies. This landscape is manifesting itself through some essential changes closely related to 
media, he states, where media as genre has changed to embrace a culturally broader inclusion, 
approach and access. One could here mention Castells’ term “prosumers” conceptualizing people 
who simultaneously produce and consume in the media sphere. The main idea here is that content, 
production and medium are indistinct in terms of e.g. genre and format. This blurriness Castells 
equates with the notion of hypertext, where “text” refers to any form of communicative content that 
being e.g. TV-series, music, books, or art (2010: 355-8). But it is not merely that! Arguably, what 
has been analyzed here could indicate that components as body, technobody, body temperature and 
bionic body parts as the ear can also be thrown into the melting pot. It is thus not merely a blurring 
of material matters as TV-series and art but also, or more importantly, of tech-and-body; it is 
hearing in the bionic and biological ear, it is temperature in body and through the sensor. It is both-
and.  
 
Hypertexting as process is global according to Castells, and would theoretically create an interactive 
system “digitally communicated and electronically operated in which all the bits and pieces of 
cultural expression, present, past, and future, in all their manifestations, could coexist and be 
recombined” (Castells, 2001: 202). Practically, “the hypertext is inside us” (Ibid.). It is the human 
mind’s ability to connect, structure and make sense of the surroundings. Here Castells employs the 
internet as example of a combination of the theoretical and practical execution of the hypertext as 
actual interactive system. However Castells’ concept of hypertext could be interpreted as what Ihde 
calls translation mediation and Haraway instruments for enhanced meanings. Bell analyzes Castells’ 
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thoughts about this: “… the new media products emphasize interactivity and personalization, and 
the process of decoding cultural texts produces each person’s own hypertext, through which they 
make sense of the world and their place within in” (Bell, 2007: 87). Castells’ example of 
hyperlinking as process through which meaning takes form, is thus with and in the technobody both 
“figuratively” and literally, or literally both ways. Both that our minds assembles the various links 
through “texts” or a decoding of objects as well as our bodies also become linked, firstly through 
our brain capacity to do so, but also our physical bodies of being “deconstructed” and connected to 
multiple communication feedback networks as e.g. a bionic ear or a temperature sensor. In this 
context, one could argue that the two applications that have been examined function as nodes in the 
various networks of our time and culture. They become links or “texts” in Castells’ sense in the 
overall hypertext to decode and communicate through various connections. The body could then be 
comprehended as “prosumer” in that it produces and consumes information simultaneously. These 
application do thus also constitute the culture they are part of, as they simultaneously are produced 
out of a need to engage in the various networks – for various reasons – as well as they take part in 
the maintenance and up keeping of the network culture. Producing technology for the body, in the 
ways that have been examined, I would suggest is highly cultural specific. Specific in the sense that 
e.g. the temperature sensor is job or sports related and further specific that we have the resources, 
economy and means to have digital chips to protect us during these activities. However, also 
specific in the sense that both inventions are targeting privileged western bodies with a focus of 
prolonging life, scrutinizing the body to secure it or produce new knowledge. Even more specific of 
targeting specific lifestyles by ameliorate it – given that we accept the premise of wanting a 
personal ear radio as amelioration of life and body.         
 
I previously stated “cultural applications construct cultural bodies” (cf. p. 17). The two 
technological apps have been inspected as products and developments of the network society, which 
situates communication – the access hereto and the possibilities hereof – as central. They are thus 
enablers, products adapted to the specific culture. The human body as node, in Castellian 
terminology, one could claim must be fragmented beyond one node to also serve as nodes in plural; 
body as whole and body as parts, as stated. The technobody that becomes more and more apparent 
is thus assembled flesh and intelligent hard- and software, which by constructing it simultaneously 
deconstructs it to comply both with the linguistic discourses available to talk about it as well as to 
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partake in the augment experience of living in the network society. This adaptation can be 
comprehended as tendency of wanting specified information e.g. augmented hearing or core body 
temperature as mediated symbols or communication exchanges in the aim of decoding ourselves 
and the world around us. One could perceive them as “texts” that become linked to reach a greater 
comprehension of the culture and the body within it. The body is thus in the network society always 
already technobody and always already “virtual” – mediated by symbols or applications – and real, 
as our augmented experiences are as real as we know them to be; reality. With the cultural position 
however, comes also that these technologies adapt to specific economies, policies and socio-cultural 
strategies and structures. To this, Andrew Ross argues: “New cultural technologies is that of 
monolithic, panoptical social control, effortlessly achieved through a smooth, endlessly interlocking 
system of networks of surveillance” (Ross in Balsamo, 1996: 123). One could then wonder what 
realities are created here e.g. in terms of relations between technology and body and cultural 
narratives that incorporate both.     
 
8.2. Priblic or Pubvate  
But what then? If accepting the premise that our bodies are technobodies in the network society, 
and thus cultural, how is this body different from Haraway’s cyborg? And what does it actually 
mean to have technologically embedded devices that can be hooked up and connected? Haraway 
argues that it is not merely sizes as culture and nature that become intersection in the cyborg, the 
polarity of public and private is another matter that is also blurred as consequence of technological 
polis (Haraway, 1991: 151). When further contemplating the idea of digital devices as structured 
networks between body and society, this argument becomes scary. If presuming that the 
implementation of a chip would allow access to the insides of our bodies and thus – yet – 
figuratively speaking allow us to be connected and accessible, or “online” in digital networks, the 
information extracted would be private and public simultaneously. The bionic ear would moreover 
make our bodies receptive of microelectronic waves and connections that are everywhere and 
nowhere to be seen. Taking this argument even further, one could claim that by intersecting human 
bodies and smart technological apps, the technobody is an “irreverent upstart god, mocking the 
Father’s ubiquity and spirituality” (Haraway, 1991: 153). It is fragmented through its connections 
and participation in the different networks, and is thus dispersed anywhere and everywhere 
according to what networks it takes part in.  
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By being connected in the network society, personal information can be distributed, exchanged and 
potentially hacked. One could argue that the body then enters a grey zone of private and public as 
these devices can potentially publicize the body. Privacy dilemmas and matters in the network 
society do therefore no longer only appertain to the internet regarding social networks and personal 
information etc. but could with these inventions also come to be an issue for our bodies when 
digitalized. Here, again one could wonder how great this threat actually is when we are merely 
talking about measuring temperature through a sensor. I would say that that depends on the security 
measures taken regarding the device. Philips’ brochure does not state anything about this type of 
security nor how closed or open the network is for the exchange of information. Previously, 
discussions regarding online identity theft and hacking of computers, servers, and personal files 
have been conceptualized as some of the great dangers online. With the body becoming active 
component and node in this network, is that at risk too? It appears that by installing tech devices 
inside bodies, the link to the online network is made possible, and thus also the link between the 
online and offline bodily uses. On the other hand, one could also claim that we have already given 
up privacy as consequence of the network society. The hypertexts and linking we employ and 
produce ourselves e.g. on online social network sites, email, through geotagging, the use of credit 
cards and smart phones to name a few, have already compromised our privacy both on and offline. 
The consequences of getting one’s Facebook page hacked may however be subordinate to having 
one’s body temperature or ear hacked.          
 
One could contradictory say that the use of applications such as the sensor or ear does not as such 
jeopardize the privatization of the body as these are smaller feedback systems. One could also argue 
that it the individual’s choice or necessity to implement such devices and contemplate that this 
choice comes with an informed apprehension of what it may entail. With this argument follows that 
the benefits are greater than the dangers. If accepting the responsibilities and possible dangers the 
use of such devices indicates, and further accepting that bodily intelligent apps are part of a growing 
tendency of the information age of networking bodies, one could call for regulations or laws to 
secure the individual bodies. The 9
th
 of December this year eight of the leading tech companies 
from The States called for a reform regarding US government surveillance to secure the rights of 
the individual, which have been blurred due to a lack of legislation in online practices
39
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however interesting that such a claim comes from companies as Google, Microsoft and Facebook 
among others, who are renowned for surveillance and monitoring of their own users.        
 
An issue that becomes apparent here is that these digital apps like other online services are not free. 
One could ask what kind of alternatives they promise and what the cost is? Compared to traditional 
technological tools they may differ in size or material as the thermometer chip and 3D printed 
bionic ear. Nonetheless, the functions they provide are not different from a radio or a traditional 
thermometer. This difference however is found in their digital connections and the communication 
they facilitate. The feedback mechanism accentuates this dilemma. By providing feedback 
exchanges of information they also take something from their user or the interface they are installed 
on. It is not merely a thermometer to measure temperature but a chip to monitor and manage 
temperature, not a hearing aid to hear better, but a bionic ear to enable connection to microwaves. 
The second dimension, the digital dimension, thus changes the body by not merely operation tools 
but as well being operated as tools for the networks. With this comes also that it can be hard to 
comprehend and predict the construction and function of the various networks, where one could 
suspect that some of these – if not many – are controlled and facilitated by certain economies, 
business interest, cultural narratives or surveillance governments.   
 
8.3. The Connected Panopticon 
The issue of surveillance has already been deeply inscribed in discourses regarding intelligent 
technologies and online practices. And with good reason. However it also appears to feed the old 
freight of technotopia of pervasive technologies with invisible networks. Nonetheless, with newer 
media paradigms which social media for instance has dominated lately, the more traditional idea of 
surveillance conducted by governments or surveillance states are no longer the only watcher. 
Though resent examples proves that they still exist cf. Edward Snowden’s leak summer 2013. A 
new form of surveillance or sousveillance as both participatory surveillance and everybody’s 
watching everybody sousveillance is emancipated with connecting social media with networking 
algorithms. The latter appears to blur the hierarchy of top-down surveillance to become a flat 
pervasive and invisible network structure where digital devices are hyperlinked. In relation to the 
question of what smart devices cost in terms of bodily or human implication, one could here argue 
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that the benefits or “services” the apps supply are mutual, serving both ways. Inevitably the 
feedback processes requires a reciprocal interaction of exchange. The use of services as for instance 
Facebook is inscribed in the same feedback algorithm, where one may get something in terms of 
sociability, intimacy, identity-building or new friends and Facebook vice versa owns the 
information that is uploaded. Simultaneously, one enters the net of mutual surveillance. This type of 
surveillance and sousveillance may however be empowering for individual purposes of e.g. 
stalking, crushing on, or staging a certain identity. The difference between online “services” as 
Facebook and the technological app examined here is, however, that the latter are profoundly new 
and we do not yet know what they can also be capable of. Here, I do not refer to a machine take-
over of the human body, but rather that it appears that security is not a first-hand matter when 
producing such apps for the body. Conversely, we are not yet aware of the negative or dangerous 
outcomes that may potentially follow; it thus becomes hard to facilitate security. In relation to 
empowerment, examples of how digital technologies have exceeded their purposes and algorithms 
have also been seen e.g. in Arab Spring 2011, where digital platforms as Twitter and Facebook 
suddenly were used politically to fight tyranny and facilitate revolutions. The idea here is that 
digital networks also entail user agency of restructuring and transformation.    
 
8.4. Services and Choises         
The analysis of the two apps illustrates how we can read and see ourselves by means of, through or 
with technological incorporated artifacts. “We can – in technological culture – fantasize ways in 
which we get beyond our physical limitations or our social problems by means of technologies” 
(Ihde, 2002: xiii). In this optic, the apps can also be seen as “simple” tech tools resembling the way 
we have always employed tech tools. The “technofantasies” Ihde in 2002 refers to, have, as seen, 
become reality since the production of “Bodies in Technology”. Ihde’s contestation can however 
make us challenge our finitude by looking at the transformation technology and the body has 
undergone in merely 11 years. When Ihde wrote the book, the general perception was that robotic 
and cyborg prostheses were for the handicapped, limited body and cyberspace were something for 
the nerds or socially awkward (2002: xii). What we have since seen, Castells argue, is however a 
vast obsession with self-realization through technological media (Castells, 2004). First in 
“cyberspace” and virtual communities, and since in bodily obsessions of enabling the biological 
body super powers or controlling it through digital, wireless technology. A question remains here 
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nonetheless; with the argument of a growing need and tendency to implement digital devices into 
the human body, has the biological body then become limited in modern network society? Could 
the biological body in this context resemble what Ihde writes about in 2002: “The persons described 
who wanted this cyborg existence turned out to have either debilitated social skills or disabled-
body-related reasons for the desire” (Ihde, 2002: xii). Are our unaided bodies today handicapped or 
limited?   
 
The two technologies have through the empirical articles been examined as body amplifiers and 
augmenters. It is tech that provides information and connections wirelessly and fast, in real time. 
The aim of producing such technologies thus comes to resemble services. It is services that provide 
“normal” tools as intelligent and able to produce and decode information beyond human abilities. 
But what does this mean? What benefits are we getting from them and how much can we actually 
control these apps and monitoring devices? Not much. Could one perhaps compare e.g. Philips 
monitoring device to a tiny bodily spy? Not that I wish to adopt a paranoid perspective here. 
Nevertheless, even though the temperature capsule is presented as help, preventer and service for 
bodies, Philips would perhaps also get something else than money in return? E.g. data on the 
individuals employing the device. And who has access to the data produced, how is it analyzed and 
coded? The transaction could e.g. be compared to online services e.g. google services of free search 
engine, books, email etc. “Free” in the sense that they provide specialized commercials and adds 
targeted precisely for the individual – also as service nicely embracing both customer and supplier. 
However not “free” in the sense that we pay with our personal information, knowingly or not. The 
idea of marketing technologies as services for the body touches upon the question of choice. One 
could first and foremost argue that it is the individual’s choice to become technobody, to employ 
apps to facilitate information exchanges and communication feedback systems. The second issues is 
then whether this choice is informed; whether we actually are aware of what the technobody 
comprises and entails. What promises does it make for a more secure and augmented bodily 
experience? And what is the charge of such promises? And furthermore, who can afford the 
technobody? Is it still an equal choice, say between the overly developed world and the not-so-
overly developed parts of this world? And what about the affordances that are not economic, but 
perhaps political, gendered or cultural? Also, do we actually have a choice if we are already 
becoming technobodies as result of the socio-cultural development of the network society?  
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8.5. Technobody Reviewed 
What become apparent are questions and difficult problematics. The technobody cannot unilaterally 
be determined a black surface upon which dominant network structures are enforced. Nor can it say 
to purely represent free will as it must comply with the algorithms provided by the frames of the 
networks. It is furthermore not representation of solely body or technology, though the latter is 
experimenting with creating apps that simulate and augment bodily senses. In the reciprocal 
adaptation process of the network society it has been transformed where its workings and functions 
resemble more and more that of new media and cultural expressions. The digitalization process 
renders the networked body available to domination, control and deconstruction but also gives it 
agency, augmented experiences and protects it. It is through these mobile and wireless applications 
that are connected to the network infrastructure that we experience our world – or some of it. These 
translating, to employ Ihde terminology, applications can connect our located experiences to things 
and worlds “… which beyond our perceptions now can be translated for our perception” (Ihde, 
2010: 81). The cultural apps make it difficult to conceptualize the technobody as bounded entity, or 
at least to detect the interior from the exterior. Balsamo sums it up nicely when she states: “As the 
virtual body is deployed as a medium of information and of encryption, the structural integrity of 
the material body as a bounded physical object is technologically deconstructed” (1996: 131). The 
relation that is foregrounded with the networked technobody is thus a tension field of processes and 
embodiment in plural. From this position, Balsamo argues, we can begin to raise inquiries and 
interrogate the networks, bodies and technologies that becomes apparent in the various realities 
(Ibid). The search for the technobody and the unpacking hereof is thus not a positioning of either/or, 
good or bad, body or technology, but an attempt to comprehend what the embedment of intelligent, 
digital technologies into bodies mean in contemporary society. It is as well raising critical remarks 
concerning this amalgamation to uncover what it may entail.  
 
9. Conclusion 
I initially asked what the embedment of technology into bodies means in modern network society, 
and where this amalgamation of technology and body leaves the body as concept? This embedment 
and relation has been analyzed through the core temperature sensor and the 3D printed bionic ear as 
examples of smart technological apps for human bodies. What has become apparent is thus with the 
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smart apps comes also a networking of bodies into digital systems and structures. The body 
becomes technobody through its digital connection to the network society. The technobody is 
tracked and monitored through sensors or augmented through biotech senses. The technobody has 
been analyzed as different from Haraway’s cyborg from 1985 as the technobody, just as Haraway’s 
cyborg, is historically and culturally rooted and situated in information society’s scope of smart 
technologies. The technobody is biotechnologically conceptualized and produced by today’s 
technologies with interior sensors and radio receivers to operate connectedly in the network society. 
Historically, it is situated as part of a technological development of networking objects and humans 
in the cultural paradigm inscribed in an app culture of producing, enabling and exchanging 
information. With the analysis of the two empirical examples, it also becomes clear that a linguistic 
conceptualization of this type of products is needed. The two products, respectively, are named by 
their inventors but it appears that an overall terminology for such products does not exist. The 
reason for this one could suspect is due to blurriness of these technologies that are both smart and 
intelligent in that they are capable of tracking, tracing and digitally exchanging information from 
inside the body. However they are simultaneously not solely medical and can thus not be 
conceptualized to be part of the digital health industry, though this have arguably prompted its 
advent. I have called them apps for bodies as my analysis hereof indicates that they function as 
applications providing, extracting and exchanging communication and information through digital 
networks with the body as interface.       
 
To unpack the question of what this amalgamation can entail and furthermore where this leaves the 
body as concept, I have discussed some critical issues and problematics. These deal specifically 
with the digital networking of bodies, which seems to attempt to feed a world of experience carried 
by a digitalization of bodies in which the approximate value/benefit is found in enhanced 
technological operationalization. However the technobody as concept also blurs boundaries of body 
and technology, issues of private and public and how we should relate to the technobody as service 
or choice. Haraway argues that we are always, already cyborgs due to human’s endless performance 
of the technological. The premise of the digitally networked technobody can be comprehended as 
consistent in human’s “natural” compatibility with technology. The technological dynamics, 
granted by human thought hereof, raises a decrease of the meta-physical distance between body and 
new technologies. Machine is thus not merely an extension of the body, but is from the outset an 
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incorporated part of human. The investigation of the smart technologies impact on body as 
technobody can thus be claimed to turn to the interior networking the exterior and vice versa. This 
process seems to alter the conditional foundation of human beings. One the other hand, one can say 
that just by thinking technology, one is already cyborg. Digital embodiment thus extents and 
challenge our perceptions of body in complex ways. “Intense pleasures in skill, machine skill, 
ceases to be a sin, but an aspect of embodiment. The machine is not an it to be animated, 
worshipped, and dominated. The machine is us, our processes, an aspect of our embodiment. We 
can be responsible for machines; they do not dominate or threaten us. We are responsible for 
boundaries; we are they” (Haraway, 1991: 180). Can we imagine a future and possible present 
which is marked by a potential un-demarcation of the technobody, which can be interpreted as the 
consequence of mixing bodies and intelligent technologies?  
 
In conclusion, the concept analysis of the technobody unpacks some of the phenomena that appears 
relevant for the amalgamation of technology and body; however this discussion also emphasizes 
that the prototype of technobody examined through the two empirical examples is very complex in 
that it is not completely clear yet what the embedment of smart technologies may also mean for the 
technobody in network society. The bottom-line here is that the temperature sensor and the bionic 
ear bring with them promises of ameliorated and augmented being but also unleashes an intelligent 
technological paradigm with unknown consequences. I would claim that we need to understand the 
role of smart technology as active translator and consider ourselves digitally networked 
technobodies with responsibilities. The design and implementation of smart technology is evidently 
a moral matter, which must be considered with critical reflection. To quote Haraway one last time: 
“We are responsible for boundaries; we are they” (1991: 180), the technobody is us.     
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11. Summary Technobody in Network Society  
Dette projekt forsøger at konceptualisere forholdet mellem smart teknologi som indlejres i kroppen 
i vor tids samfund. Konceptualiseringen af sammensmeltningen af krop og intelligent teknologi har 
fokus uden for medicinal industrien, og analyserer two eksempler på smart, digital teknologi som er 
direkte indlejret i kroppen. De to empiriske eksempler er en Core Temperature Capsule fra Philips 
Respironics som er en digital sensor der måler og overvåger kropstemperaturen med det formål at 
kunne levere data i realtid omkring kroppens tilstand for at hindre og forudsige potentielt færlige 
udfald. Denne sensor er bl.a. blevet brugt af Australiske brændmænd og ekstreme sportsudøvere for 
at sikre dem i farlige situationer. Det andet eksempel af smart teknologi er et 3D printet bionisk øre 
som er blevet produceret på Princeton University. Dette øre fungerer ikke som hørehjælp for døve, 
men er blevet produceret med henblik på at opfange microbølger og radiosignaler. Dette øre er et 
forsøg på at udfordre kropslige sanser ved at forstærke og tilføje supersanser the kroppen. De to 
teknologier er analyseret som eksempler på en udvikling, hvor kroppen bliver indlejret i teknologi 
og omvendt.  
Problemformuleringen lyder: What does the embedment of technology into bodies mean in modern 
network society? – And, where does this amalgamation of technology and body leave the body as 
concept? 
Disse teknologiske eksempler bliver set som del af en lang tradition af brug af teknologi, det nye er 
dog at disse teknologier er smarte og intelligente idet de har digitale egenskaber, som gør at deres 
brug påvirker kroppen på nye måder. Den direkte indlejring af intelligent teknologi betyder at 
kroppen bliver del af digitale netværksstrukturer. Denne proces er analyseret som resultat af – og 
nødvendighed for at indgå i netværksamfundet. Teoretisk bliver Manuel Castells 
”Netværkssamfund” (1996, 2001) brugt til at afkode denne proces og klarlægge nogle af de 
kulturelle strukturer der ligger til grund for udviklingen. Analysen af teknologikroppen, som jeg har 
kaldt tecnobody, er sammensat af Donna Haraways teori omkring ”Cyborg” (1991) og Don Ihdes 
forståelse af krop og teknologi og relationerne herimellem (2002, 2010).  
Analysen og diskussionen tager derved op, hvad de nye kropslige teknologier er i stand til, og hvad 
denne relation til kroppen indebærer. Derudover stiller jeg kritiske spørgsmål omkring, hvad brugen 
af disse teknologier kan medføre. Det er bl.a. problematikker angående, hvad det vil sige at være 
netværket krop, sløringen af den private og offentlige krop, overvågning, om de nye teknologier kan 
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ses som services og om man har har et valg omkring at være eller bliver teknokrop. Projektets 
konceptualisering af teknokroppen udpakker nogle af de fænomener der ses relevante for 
sammensmeltningen og konkluderer, at prototypen på teknolkroppen er meget kompleks idet helt 
klare konklusioner af, hvad disse teknologier og deres indlejringen kan komme til at betyde er 
endnu meget uklar.           
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idea of wireless
VitalSense telemetric monitoring system enables subjects to
be free of wires while being monitored for physiological data
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Wired sensors can tangle, snag, and get detached, making
it more difficult to acquire accurate data.TheVitalSense
System includes wireless sensors so your subjects and you
can experience a more convenient, reliable and satisfying
solution for monitoring physiological data.
WithVitalSense, you can identify temperature changes in
response to drug formulations while eliminating the need
for a subject to undergo periodic temperature checks and
maintain a temperature log. Now your subjects can engage
in normal activities while still being monitored.
The freedom of wireless
When you need to obtain physiological information on subjects, wouldn’t
you want to provide a wireless method?VitalSense is a telemetric physiological
monitoring system that enables continuous monitoring of core body
temperature, dermal temperature, and heart and respiration rate, all without
wires and probes.
Data collection is easy
Real-time data of core body temperature, dermal temper-
ature, and heart and respiration rate are all provided on
the monitor.To enable core body temperature data to be
collected, the subject simply swallows a capsule that is
easily passed a few days later. For dermal temperature,
a patch is adhered to the subject’s skin (can be placed
almost anywhere on the body). For heart and
respiration rate, the XHR-sensor is applied (to the chest).
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VitalSense monitor
Core temperature capsule
Dermal temperature patch
XHR-sensor
TheVitalSense system monitors and tracks up to 10 sensors
wirelessly.The pre-calibrated sensors act as wireless transmitters
and are designed to activate easily and eliminate data entry errors.
Data is displayed in graphic and/or numerical outputs directly on the
monitor system.
The System enables:
• 24/7, unobtrusive, real-world subject monitoring
• Data storing in nonvolatile memory
• Tracking of core, dermal surface and ambient temperatures,
and heart and respiration rate
• Data presented in 15-second or one-minute intervals
• Battery life of 10 days with 10 sensors on line
VitalSense is designed to be effective for monitoring temperature
in both active and inactive patients, and in indoor or outdoor
environments such as:
• Clinical trials
• Military medicine and training
• Pre- or post-operative outpatient monitoring
• Healthcare telemedicine
• Sports medicine
• Hazardous occupations
TheVitalSense system enables you to monitor and collect the temperature
data you need while avoiding the complaints and problems associated with
wired sensors. Our wireless sensors provide a convenient, reliable and
satisfying solution for you and your subjects when it comes to capturing
important temperature data.
Rugged and reliable monitoring
System components
• TheVitalSense monitor
• Ingestible core temperature capsule
• Dermal temperature patch
• XHR-sensor (for heart and respiration rate data)
• PC-application software
• Accessories:
• Belt pouch
• Fanny pack pouch
• RS-232 cable
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The ingestible VitalSense temperature capsule easily travels and
passes through the gastrointestinal tract without affecting other bodily
functions. It compares in size to a large gel capsule and should be swal-
lowed with liquid.
Once the capsule is activated by theVitalSense monitor, transmissions
from the capsule begin within 15 seconds and continue to occur
4 times per minute.While transit time varies with each individual,
12 to 48 hours is typical.
• 32º C to 42º C; +/- 0.10º C guaranteed, +/-0.05º C typical.
• Resolution 0.01º C
Individual data collection
Core body temperature measured in anesthetized swine using theVitalSense
Core BodyTemperature Capsule, Swan-Ganz pulmonary artery catheter
measuring temperature at the right atrium, and a rectal probe.The dermal
temperature is shown on the bottom of the graph.The insert demonstrates the
relationship between theVitalSense Core BodyTemperature Capsule and right
atrial temperature.The correlation coefficient R2=0.96, p<0.001.
The Dermal temperature patch is waterproof and has a battery
life of 10 days following activation.The patch can be placed on
many different parts of the body to record skin temperature.
A hypoallergenic adhesive is included and helps make the dermal
patch smooth, comfortable and easy to use. Multiple dermal patches
may be monitored simultaneously.
• Accuracy +/-0.01º C (32º C to 42º C)
• Temperature sensing range: 20º C to 60º C
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The compact VitalSense-XHR sensor wirelessly transmits heart
rate and respiration rate data to theVitalSense monitoring system.
It is worn on the chest and incorporates an ECG-signal processor
which samples at 256 Hz and transmits the average heart rate and
respiration rate data four times per minute to theVitalSense monitor.
The monitor logs the data in nonvolatile memory.
The lightweight XHR sensor attaches to two standard ECG pads
or to a dry electrode band and is designed to be accurate, water
resistant and comfortable.The rechargeable battery in the XHR
provides 48 hours of battery life on a single full charge. The propri-
etary multi-charger can recharge up to three devices simultaneously.
• Heart rate range: 16 – 240 BPM
• Heart rate resolution: +/- 1 BPM
• Heart rate accuracy: greater of +/- 10% of value or 5 BPM
• Respiration rate range: 2 RPM to 60 RPM or 25% of HR,
whichever is smaller
• RR accuracy: greater of +/- 10% of value or 5 BPM
• Transmittal rate: four times per minute
• The XHR meets AAMI EC-13 standards for heart rate monitors
(applicable clauses).
(See chart at left, top)
Heart rate is measured every 15 seconds by theWelch-Allen Electro-
cardiogram and theVitalSense XHR heart rate sensor during treadmill
exercise.There is a linear correlation between the two devices,
R2=0.97. The XHR has fewer artifacts at peak treadmill exercise.
VitalSense HR Compared to Welch-Allyn Atlas Monitor HR
Subject: Unidentified Patient
Jan-06-2005/Mini Mitter Co.
Respiration Rate – EDR & REMStar CPAP
Bicycle Wind Trainer – Subject CL
(See chart at left, bottom)
This demonstrates the relationship between electrocardiogram
derived respiration (EDR) measured by theVitalSense XHR and
respiration measured by a CPAP device during bicycle ergometry.
There is a significant correlation between the two methods, R2=0.82.
Facilitating communication
TheVitalSense monitor, which is worn by the subject, is designed to
log and display data. Each monitor can track and record up to 10
sensor parameters in normal mode.After the sensors are activated,
each sensor transmits its first value to theVitalSense monitor within
15 seconds. It continues to provide readings four times/minute.
Data collection is easy
The data you receive are downloaded, stored and/or exported via
our proprietaryVitalSense application software. The software is a
user-friendlyWindows-based program and allows for data storage to
be exported in plain text format or in Microsoft Excel® file format.
The Medic Mode advantage
Medic Mode enables you to monitor multiple subjects with multiple
sensors using one monitor. You also can detect and record signals
from anyVitalSense sensor that is within reception range.The monitor
displays and records the sensor ID, time stamp and sensor data for
each sensor transmission that is detected.
X-Y plot demonstrating the relationship between simultaneous measurement of
core body temperature with theVitalSense core body temperature capsule and
rectal temperature measured with the Mini-Logger.The correlation coefficient or
R2=0.90 is significant at p<0.01.
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ABSTRACT: The ability to three-dimensionally interweave
biological tissue with functional electronics could enable the
creation of bionic organs possessing enhanced functionalities over
their human counterparts. Conventional electronic devices are
inherently two-dimensional, preventing seamless multidimen-
sional integration with synthetic biology, as the processes and
materials are very different. Here, we present a novel strategy for
overcoming these difficulties via additive manufacturing of
biological cells with structural and nanoparticle derived electronic
elements. As a proof of concept, we generated a bionic ear via 3D
printing of a cell-seeded hydrogel matrix in the anatomic geometry
of a human ear, along with an intertwined conducting polymer
consisting of infused silver nanoparticles. This allowed for in vitro culturing of cartilage tissue around an inductive coil antenna in
the ear, which subsequently enables readout of inductively-coupled signals from cochlea-shaped electrodes. The printed ear
exhibits enhanced auditory sensing for radio frequency reception, and complementary left and right ears can listen to stereo audio
music. Overall, our approach suggests a means to intricately merge biologic and nanoelectronic functionalities via 3D printing.
KEYWORDS: Cybernetics, tissue engineering, bioelectronics, cyborg organs, electronic implants, additive manufacturing
The design and implementation of bionic organs anddevices that enhance human capabilities, known as
cybernetics, has been an area of increasing scientific interest.1,2
This field has the potential to generate customized replacement
parts for the human body, or even create organs containing
capabilities beyond what human biology ordinarily provides. In
particular, the development of approaches for the direct
multidimensional integration of functional electronic compo-
nents with biological tissue and organs could have tremendous
impact in regenerative medicine, prosthetics, and human-
machine interfaces.3,4 Recently, several reports have described
the coupling of electronics and tissues using flexible and/or
stretchable planar devices and sensors that conform to tissue
surfaces, enabling applications such as biochemical sensing and
probing of electrical activities on surfaces of the heart,5 lungs,6
brain,7 skin,8 and teeth.9 However, attaining seamless three
dimensionally (3D) entwined electronic components with
biological tissues and organs is significantly more challenging.4
Tissue engineering is guided by the principle that a variety of
cell types can be coaxed into synthesizing new tissue if they are
seeded onto an appropriate three-dimensional hydrogel scaffold
within an accordant growth environment.10−15 Following in
vivo or in vitro culture, tissue structures form which possess the
morphology of the original scaffold.16 A major challenge in
traditional tissue engineering approaches is the generation of
cell-seeded implants with structures that mimic native tissue,
both in anatomic geometries and intratissue cellular distribu-
tions.17 Techniques such as seeding cells into nonadhesive
molds or self-folding scaffolds have been used to fabricate
three-dimensional tissue constructs with complex 3D geo-
metries.18,19 Yet, existing techniques are still incapable of easily
creating organ or tissue parts with the required spatial
heterogeneities and accurate anatomical geometries to meet
the shortage of donor organs for transplantation.20−22 For
instance, total external ear reconstruction with autogenous
cartilage with the goal of recreating an ear that is similar in
appearance to the contralateral auricle remains one of the most
difficult problems in the field of plastic and reconstructive
surgery.23
Additive manufacturing techniques such as 3D printing offer
a potential solution via the ability to rapidly create computer-
aided design (CAD) models by slicing them into layers and
building the layers upward using biological cells as inks in the
precise anatomic geometries of human organs.24−27 Variations
of 3D printing have been used as methods of solid freeform
fabrication, although its use has mainly been limited to the
creation of passive mechanical parts.24,28 Extrusion-based 3D
printing has been used to engineer hard tissue scaffolds such as
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knee menisci and intervertebral discs complete with encapsu-
lated cells.29−31 This technique offers the ability to create
spatially heterogeneous multimaterial structures by utilizing
deposition tools that can extrude a wide range of materials.32
Further, nanoscale functional building blocks enable versatile
bottom-up assembly of macroscale components possessing
tunable functionalities. This could allow for the simultaneous
printing of nanoelectronic materials and biological cells to yield
three dimensionally integrated cyborg tissues and organs
exhibiting unique capabilities.33,34
Here we introduce a conceptually new approach that
addresses the aforementioned challenges by fully interweaving
functional electronic components with biological tissue via 3D
printing of nanoelectronic materials and viable cell-seeded
hydrogels in the precise anatomic geometries of human organs.
Since electronic circuitry is at the core of sensory and
information processing devices,35 in vitro culturing of the
printed hybrid architecture enables the growth of “cyborg
organs” exhibiting enhanced functionalities over human
biology. Our approach offers the ability to define and create
spatially heterogeneous constructs by extruding a wide range of
materials in a layer-by-layer process until the final stereolitho-
graphic geometry is complete. This concept of 3D printing
living cells together with electronic components and growing
them into functional organs represents a new direction in
merging electronics with biological systems. Indeed, such
cyborg organs are distinct from either engineered tissue or
conformal planar/flexible electronics and offer a unique way of
attaining a three-dimensional merger of electronics with tissue.
As a proof of concept of this approach, we evaluated the
ability of 3D printing to create a viable ear auricle that also
contains electronics that enable alternative capabilities to
human hearing. Human organs comprising predominantly of
cartilaginous tissue, such as the ear auricle, represent suitable
prototype candidates to investigate the feasibility of our
approach. This is due to (1) the inherent complexity in the
ear’s anatomical geometry, which renders it difficult to
bioengineer via traditional tissue engineering approaches as
well as (2) the simplicity in its cartilage tissue level structure
due to the lack of vasculature.23,36 Additionally, bottom-up
assembly of nanoelectronic matrices provides the ability to
hierarchically generate functional macroscale electronic compo-
nents. Specifically, we demonstrate 3D printing of a
chondrocyte-seeded alginate hydrogel matrix with an electri-
cally conductive silver nanoparticle (AgNP) infused inductive
coil antenna, connecting to cochlea-shaped electrodes
supported on silicone. Taken together, the result is three-
dimensional integration of functional electronic components
within the complex and precise anatomic geometry of a human
ear (Figure 1).
The following steps are involved in the process. First, a CAD
drawing of the bionic ear (Figure 1A) is used to prescribe the
anatomic geometry and the spatial heterogeneity of the various
functional materials. As described above, three materials
comprise the three functional constituents (structural, bio-
logical, and electronic) of the bionic ear. These materials are fed
into a syringe extrusion based Fab@Home 3D printer (The
NextFab Store, Albuquerque, NM) (Figure 1B). The printed
bioelectronic hybrid ear construct is then cultured in vitro to
enable cartilage tissue growth to form a cyborg ear with the
capability of sensing electromagnetic signals in the radio
frequency (RF) range by means of an inductive coil acting as a
receiving antenna (Figure 1C).
To demonstrate our approach, we printed the bionic ear
construct as follows. For the scaffold, we preseeded an alginate
hydrogel matrix with viable chondrocytes at a density of ∼60
million cells/mL (see Supporting Information). Alginate matrix
is three dimensionally stable in culture, nontoxic, preseeding,
and extrusion compatible, and a suitable cell delivery vehicle
because cross-linking can be initiated prior to deposition.37
Chondrocytes used for the printing were isolated from the
articular cartilage of one month old calves (Astarte Biologics,
Redmond, WA). A CAD drawing of a human ear auricle in
stereolithography format (STL) with an integrated circular coil
antenna connected to cochlea-shaped electrodes was used to
define the print paths by slicing the model into layers of
contour and raster fill paths. Cross-linking was initiated in the
alginate hydrogel matrix preseeded with viable chondrocytes,
which was then 3D printed along with conducting (AgNP-
infused) and nonconducting silicone solutions (Supporting
Information Movie 1). Together, this method produced the
biological, electronic, and structural components of the bionic
organ in a single process.
Figure 1. Three-dimensional interweaving of biology and electronics via additive manufacturing to generate a bionic ear. (A) CAD drawing of the
bionic ear. (B) (top) Optical images of the functional materials, including biological (chondrocytes), structural (silicone), and electronic (AgNP-
infused silicone) used to form the bionic ear. (bottom) a 3D printer used for the printing process. (C) Illustration of the 3D printed bionic ear.
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Figure 2A shows the 3D printed bionic ear immediately after
printing. Notably, it is found to faithfully reproduce the CAD
drawing, in the precise spatiality for each material as dictated by
the design. The printed ear construct was immersed in
chondrocyte culture media containing 10 or 20% fetal bovine
serum (FBS), which was refreshed every 1−2 days (see
Supporting Information). The hybrid ear showed good
structural integrity and shape retention under culture (Figure
2B). Over time, the construct gradually became more opaque;
this was most apparent after four weeks of culture and is grossly
consistent with developing an extracellular matrix (ECM). The
gross morphology of the bionic ear after 10 weeks of in vitro
culture is shown in the Supporting Information.
Viability was tested immediately before and during the
various stages of the printing process. Initial viability of cells
was determined after culturing using a Trypan blue cell
exclusion assay (Corning Cellgrow, Mediatech, VA) and was
found to be 96.4 ± 1.7% (Figure 2C) (see Supporting
Information). The printed cell-seeded alginate ear was also
tested with a LIVE/DEAD Viability Assay (Molecular Probes,
Eugene, OR) and exhibited a cell viability of 91.3 ± 3.9% with
homogeneous chondrocyte distribution. This result suggests
that the printing process, including cell encapsulation and
deposition, does not appreciably impact chondrocyte viability.
Notably, this approach of printing a preseeded hydrogel
matrix eliminates the major problems associated with seeding
depth limitations and nonuniform seeding in traditional
Figure 2. Growth and viability of the bionic ear. (A) Image of the 3D
printed bionic ear immediately after printing. (B) Image of the 3D
printed bionic ear during in vitro culture. Scale bars in (A) and (B) are
1 cm. (C) Chondrocyte viability at various stages of the printing
process. Error bars show standard deviation with N = 3. (D) Variation
in the weight of the printed ear over time in culture, where the ear
consists of chondrocyte-seeded alginate (red) or only alginate (blue).
Error bars show standard deviation with N = 3. (E) Histologic
evaluation of chondrocyte morphology using H&E staining. (F)
Safranin O staining of the neocartilaginous tissue after 10 weeks of
culture. (G) Photograph (top) and fluorescent (bottom) images
showing viability of the neocartilaginous tissue in contact with the coil
antenna. (H) Photograph (top) and fluorescent (bottom) images of a
cross section of the bionic ear showing viability of the internal
cartilaginous tissue in contact with the electrode. Top scale bars are 5
mm; bottom are 50 μm.
Figure 3. Biomechanical characterization of the 3D printed neo-
cartilage tissue. (A) Variation of HYP content over time in culture with
20% (red) and 10% (blue) FBS. (B) Variation of GAG content over
time in culture with 20% (red) and 10% (blue) FBS. (C) Variation of
Young’s modulus of 3D printed dog bone constructs over time in
culture with 20 million (blue) and 60 million (red) cells/mL. Error
bars for panels A−C show standard deviation with N = 3. (D) Various
anatomic sites of the ear auricle, with corresponding hardness listed in
Table 1. Scale bar is 1 cm.
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methods for seeding premolded 3D scaffolds. Seeding
chondrocytes into a bioabsorbable alginate matrix and shaping
it via 3D printing localizes the cells to a desired geometry,
allowing for new ECM production in defined locations when
cultured in nutritive media. As tissue develops, the polymer
scaffold is reabsorbed (Figure 2D), so that the new tissue
retains the shape of the polymer in which the cells were seeded.
The biodegradable scaffolding provides each cell with better
access to nutrients and more efficient waste removal.
Next, histologic evaluation was used to compare the
morphology of chondrocytes in the neocartilage of the bionic
ear to that of the native cartilaginous tissue. Hematoxylin and
eosin (H&E) staining revealed uniform distribution of the
chondrocytes in the constructs (Figure 2E) (see Supporting
Information). Histology of the ear tissue with Safranin O
staining indicated relatively uniform accumulation of proteo-
glycans in the cultured ear tissue (Figure 2F). These
biochemical data are consistent with the development of new
cartilage.38 Finally, fluorescent measurements were used to
ascertain the viability of the 3D printed bionic ear tissue after
10 weeks of in vitro growth culture using fluorescein diacetate
(FDA) and propidium iodide (PI) stains. Figure 2G,H shows
the tissue covering the coil antenna and the internal tissue that
is in contact with the electrode that runs perpendicular through
the tissue, respectively. In both cases, the grown cartilage
exhibited excellent morphology and tissue level viability.
Notably, this approach of culturing tissue in the presence of
abiotic electronic materials could minimize the immune
response of the grown tissue.
We then characterized the mechanical properties of the
cartilage at various stages of growth, as ECM development
correlates strongly with the developing tissue’s mechanical
properties.39 First, extensive biochemical and histologic
characterizations were performed. Samples were removed
from cultures containing 10 and 20% FBS at 2, 4, 6, 8, and
10 weeks and frozen to measure DNA content of the
neocartilage and for biochemical evaluation of the ECM (see
Supporting Information). ECM accumulation in the constructs
was evaluated by quantifying the amount of two important
components of ECM: (1) hydroxyproline (HYP) as a marker of
collagen content and (2) sulfated glycosaminoglycan (GAG) as
a marker of proteoglycans. By week 10, the HYP content
increased to 1.2 ± 0.1 and 1.4 ± 0.2 μg/mg for cultures
containing 10 and 20% FBS, respectively (Figure 3A). The
corresponding values of GAG content for week 10 were 10.6 ±
0.6 and 12.2 ± 1.0 μg/mg (Figure 3B). This increase in GAG
and HYP content indicates that chondrocytes are alive and
metabolically active in culture.
Next, tensile properties were analyzed by testing 3D printed
chondrocyte-alginate dogbone samples at various points in
culture in which the dogbones contained the same cell densities
and identical culturing conditions as the ear (see Supporting
Information). Evaluation of the mechanical properties indicated
that the Young’s modulus of the dogbones increased with time
from 14.16 to 111.46 kPa at week 10 (Figure 3C). Dogbones of
a lower chondrocyte density of 20 million cells/mL were also
tested under similar conditions to understand the effect of the
initial chondrocyte density in the mechanical properties of the
grown tissue. These were found to possess a lower Young’s
modulus of 73.26 kPa at week 10. Next, the hardness of the
grown cartilaginous tissue of the 3D printed auricle was
characterized using nanoindentation measurements. The
indentations were performed at the various anatomic sites of
the auricle (Figure 3D). As shown in Table 1, these hardness
values were found to be relatively uniform, ranging from 38.50
to 46.80 kPa, confirming the structural integrity of the printed
ear.40
To demonstrate the enhanced functionalities of the 3D
printed bionic ear, we performed a series of electrical
characterizations. First, the resistivity of the coil antenna was
measured using four point probe measurements and found to
be dependent on the volumetric flow rate used for printing the
Figure 4. Electrical characterization of the bionic ear. (A) Image of the
experimental setup used to characterize the bionic ear. The ear is
exposed to a signal from a transmitting loop antenna. The output
signal is collected via connections to two electrodes on the cochlea.
Scale bar is 1 cm. (B) Response of the bionic ear to radio frequencies
in terms of S21, the forward power transmission coefficient. (C) (top)
Schematic representation of the radio signal reception of two
complementary (left and right) bionic ears. (bottom) Photograph of
complementary bionic ears listening to stereophonic audio music
(Supporting Information Movie 2). (D) Transmitted (top) and
received (bottom) audio signals of the right (R) and left (L) bionic
ears.
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conducting AgNP-infused silicone (see Supporting Informa-
tion). At the optimum flow rate, the resistivity of the printed
coil was found to be 1.31 × 10−6 Ω·m, which is only 2 orders of
magnitude higher than pure silver (1.59 × 10−8 Ω·m). Next, we
performed wireless radio frequency reception experiments. To
demonstrate the ability of the bionic ear to receive signals
beyond normal audible signal frequencies (in humans, 20 Hz to
20 kHz), we formed external connections to the cochlea-shaped
electrodes stemming from the inductive coil of the bionic ear
(Figure 4A). The ear was then exposed to sine waves of
frequencies ranging from 1 MHz to 5 GHz. The S21 (forward
transmission coefficient) parameter of the coil antenna was
analyzed using a network analyzer and was found to transmit
signals across this extended frequency spectrum (Figure 4B).
Most importantly, as a demonstrative example of the
versatility in modifying the final organ by modifying the CAD
design, we printed a complementary left ear by simply reflecting
the original model (see Supporting Information). Left and right
channels of stereophonic audio were exposed to the left and
right bionic ear via transmitting magnetic loop antennas with
ferrite cores (Figure 4C). The signals received by the bionic
ears were collected from the signal output of the dual cochlea-
shaped electrodes and fed into a digital oscilloscope and played
back by a loud speaker for auditory and visual monitoring.
Excerpts of the transmitted and received signals of duration 1
ms for both the right and left bionic ears are shown in Figure
4D and are found to exhibit excellent reproduction of the audio
signal. Significantly, the played back music (Beethoven’s “Für
Elise”) from the signal received by the bionic ears possessed
good sound quality (Supporting Information Movie 2).
In summary, designer cyborg ears were fabricated that are
capable of receiving electromagnetic signals over an expansive
frequency range from hertz to gigahertz. Our strategy
represents a proof of principle of intertwining the versatility
of additive manufacturing techniques with nanoparticle
assembly and tissue engineering concepts. The result is the
generation of bona fide bionic organs in both form and
function, as validated by tissue engineering benchmarks and
electrical measurements. Such hybrids are distinct from either
engineered tissue or planar/flexible electronics and offer a
unique way of attaining a seamless integration of electronics
with tissues to generate “off-the-shelf” cyborg organs. Finally,
the use of 3D printing with other classes of nanoscale
functional building blocks, including semiconductor, magnetic,
plasmonic, and ferroelectric nanoparticles, could expand the
opportunities for engineering bionic tissues and organs.
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